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Abstract
Global Symmetries of Six Dimensional Superconformal Field
Theories
Peter R. Merkx
In this work we investigate the global symmetries of six-dimensional superconformal
field theories (6D SCFTs) via their description in F-theory. We provide computer al-
gebra system routines determining global symmetry maxima for all known 6D SCFTs
while tracking the singularity types of the associated elliptic fibrations. We tabulate
these bounds for many CFTs including every 0-link based theory. The approach we take
provides explicit tracking of geometric information which remained implicit in the classi-
fication of 6D SCFTs found in [16]. We derive a variety of new geometric restrictions on
collections of singularity collisions in elliptically fibered Calabi-Yau varieties and collect
data from local model analyses of these collisions. The resulting restrictions are suffi-
cient to match the known gauge enhancement structure constraints for all 6D SCFTs
without appeal to anomaly cancellation and enable our global symmetry computations
for F-theory SCFT models to proceed similarly.
vii
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Global symmetries of 6D SCFTs
with 1D Coulumb branch
We begin with a brief review of pertinent aspects of superconformal quantum field
theories in six dimensions and their description in F-theory. We then discuss the global
symmetries of these theories in cases with discriminant locus consisting of a single com-
pact curve to be contracted in an appropriate limit (i.e. having at most a 1D Coulomb
branch) based on work in [6, 24] via field theoretic constraints and separately through
geometric constraints on singular elliptic fibrations occurring in F-theory models. We
review the resulting geometric constraints for singular elliptic fibrations leading to per-
missible F-theory SCFT bases (i.e. fibrations having Calabi-Yau threefold resolution)
that are crucial to our work in the following chapter.
1
1.1 Introduction
1.1.1 Context and motivation
Type II string theories formulated on a ten dimensional manifold of the form M3,1 ×
X with M3,1 flat Minkowski spacetime and X a Calabi-Yau threefold enable one to
study features of the resulting 4D quantum field theories via geometric properties of X.
Alternatively, 4D field theories can be described in terms of “F-theory,” beginning with
type IIB string theory on M3,1 × B with pi : X → B an elliptic fibration of a Calabi-
Yau fourfold through the use of a multivalued function τ(b) on the elliptic curves of the
fibration.
The setting of our work here follows a variant of the latter approach which grants
access to six-dimensional superconformal field theories via F-theory by lowering the di-
mension of B to make X a complex elliptically fibered threefold. Widely studied and
well-understood properties of the moduli space of these elliptic fibrations (for which there
are currently only partial analogues in the fourfold case) are then able to come to bear
on the problems one encounters in describing the 6D SCFT landscape. This setup pro-
vides certain tools for study of 6D SCFTs which are not as immediately available in a
closely related route which begins with M-theory on a manifold of the first form above
and proceeds by varying the metric on X, enabling one to draw conclusions in a limit
where the elliptic fiber areas approach zero.
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The first demonstrations of the existence of superconformal field theories in six di-
mensions date to the mid-1990s [43, 35, 36], almost twenty years after their existence was
proposed in [29]. The F-theory framework was introduced shortly thereafter [40, 26, 27],
making new features of these theories accessible in terms of the algebraic geometry of el-
liptic fibrations. Major advances in characterizing 6D SCFTs have been made in the last
several years through F-theory constructions. Descriptions of many previously unknown
CFTs have been provided. Recently, a conjecturally complete classification of SCFTs in
six dimensions [23, 17, 16] has been detailed. Flavor symmetries (i.e. global symmetries)
are among the features left implicit in this classification. Work in [6, 24] has provided
constraints on these symmetries for a limited subclass of 6D SCFTs.
Our primary task here is to broaden this class to include all 6D SCFTs. We stress
that the approach we take reduces our central task to a mathematically well-defined
problem which consists of providing a series of constraints on Weierstrass models for
elliptically fibered Calabi-Yau varieties with certain auxiliary data we describe shortly.
The constraints we obtain involve a somewhat detailed analysis of local models for these
elliptic fibrations and treat sufficiently many cases that it becomes natural to tackle con-
straining the global Weierstrass models through implementation of exhaustive computer
search routines. Note that we do not claim the existence of global models achieving
the maximal symmetries we report (though proofs to that end are often possible and
even trivial in some cases). Instead, our focus is to derive constraints on elliptic fibra-
tions sufficient to match those coming from quantum field theoretic constraints involving
3
“anomaly cancellation” requirements. In some cases, the constraints we find are strictly
tighter (eliminating some of the enhanced SCFTs appearing in [16] as detailed in Ap-
pendix B). Since restrictions on the geometry of Weierstrass fibrations are (seemingly
necessarily) involved in reaching the precise conclusions of [16], one might hope for the
most parsimonious approach to result from a purely geometric characterization of all 6D
SCFT constraints.
While our work is often framed in CFT language owing to its motivating context, we
are simply deriving constraints on elliptically fibered Calabi-Yau varieties.
We let pi : X˜ → B be a smooth elliptically fibered Calabi-Yau threefold with a
section having all fibers one-dimensional1. Let pi : X → B be the (possibly) singular
fibration obtained by blowing down all fibers of pi which do not meet the section. Note
that reversing this procedure in the case of interest in which B is an orbifold dates
to work of Hirzebruch [18] and Riemenschneider [34]; a modern treatment is available
in [19]. An essential ingredient in this process to yield a Calabi-Yau manifold from our
threefold (when possible) is the celebrated proof of Yau [44]. F-theory compactified (i.e.
dimensionally reduced) on X˜ is then a theory in six dimensions partially specified by
appropriate powers of line bundles over B (discussed shortly) along with the assumption
that B is compact2. We carry out our work directly on the singular fibration pi, relating
1Considering the case with B two-dimensional and X a (potentially non-smooth) Calabi-Yau variety,
our fibration can be desingularized giving an equidimensional elliptically fibered Calabi-Yau variety with
at worst Q-factorial terminal singularities [13]; requiring that we have a section ensures equidimension-
ality. Recent work appearing in [1] offers an interpretation for the role in F-theory of these Q-factorial
terminal singularities which prevent a desingularization maintaining the Calabi-Yau condition.
2While our work here is confined to 6D theories, dimensional reduction on an elliptic curve enables
certain conclusions to be drawn on a corresponding collection of 4D counterparts, as elaborated in [28].
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its features to physics of the 6D theories decoupled from gravity (i.e. the SCFTs) by
allowing non-compact B and taking a limit in which we contract a collection of curves in
B over which X is singular. In section 1.1.4 we discuss constraints on B shown in [17] to
follow in this context. (Note that the theories resulting from such constructions are not
themselves conformal, but flow to a conformal theory under renormalization.)
Introductions to F-theory and pertinent aspects of six-dimensional F-theory can be
found in [9, 17], respectively. In the following section, we review the ingredients of this
setup immediately relevant to our work. We then outline the problems treated in each
chapter along with several details of the classification scheme which sets the stage for our
work.
1.1.2 Outline and objectives
In [6, 24], constraints on global symmetries of 6D SCFTs which can be realized in F-
theory constructions (more than) sufficient to match field theoretic anomaly cancellation
restrictions were derived for all SCFT constructions in F-theory involving an elliptic
fibration with discriminant locus consisting of a single compact curve (i.e. in the cases
with zero or one-dimensional Coulomb branch). A general treatment of cases with more
than one such curve remains untreated in the literature. In Chapter 1, we review these
existing results and many of their derivations.
In Chapter 2 we extend the methods of [6] to all known 6D SCFTs. We introduce
a collection of constraints and an algorithm (as well as implementation via computer
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algebra routines) providing (strictly) tighter geometric restrictions than the field theoretic
constraints on gauge enhancements found in [16] and further compute global symmetry
algebra maximums consistent with these constraints on F-theory models also via purely
geometric restrictions. To make this more precise, we have the following result.
Result 1.1.1. The gauge algebra constraints given in [16] are (strictly) weaker than the
gauge constraints found through restrictions on elliptic fibrations derived in this work
extending those of [6]. The eliminated enhancements and methods for comparison are
detailed in Appendix B.
Similarly, systematic comparison of global symmetries in the case with discriminant
locus consisting of a single curve was shown in [6, 24] to give the following proposition.
Proof of this proposition is reviewed in the present chapter.
Result 1.1.2. For the field theories corresponding to a discriminant locus with one
compact component, the global symmetries permitted by known field theory methods are
(strictly) less constrained than those which can arise meeting the constraints on elliptic
fibrations via our F-theory global symmetry construction.
From these results, we are lead to expect the same in general, though we have not
systematically confirmed inclusion in all cases. In other terms, we have the following:
Conjecture 1.1.3. The global symmetry constraints resulting from imposing anomaly
cancellation requirements outlined in [16] are (strictly) weaker than the constraints on
global symmetry resulting from the algorithm we provide.
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Our approach consists of two basic steps. First, we determine a class of F-theory
models compatible with a designated gauge algebra up to certain geometric features
dictated by orders of vanishing of polynomials associated to the curves over which our
elliptic fibration is singular. We then build from this data of fibrations (locally) con-
sistent with our gauge algebra a collection of constraints on global symmetries which
can be constructed in F-theory. This leaves us with a collection of possibilities for the
(relatively) maximal global symmetries for the gauge theory. We derive locally consistent
models for our constructions (which we might expect to generally be associated to some
consistent global model); as noted above, we stop short of explicitly constructing these
models globally3. The local analysis we provide extends that of [6, 24] to treat all known
6D SCFTs. This approach allows us to provide an algorithm (which we implement) char-
acterizing the global symmetry maxima for any known 6D SCFT realizable in F-theory
and reveals some surprising features. We collect the resulting constraints on a certain
class of “building-block” theories, thus in effect characterizing the global symmetries of
all 6D SCFTs.
We now turn to review geometric features of elliptic fibrations which enter into our
work. We phrase our discussion in terms of structures determining SCFTs via a classi-
fication of 6D SCFTs (within F-theory) appearing in [16], so we begin with a summary
3Though in some cases consistent global constructions follow from our local analysis with little ad-
ditional effort, we do not attempt in this work to track which of the global symmetry algebra maxima
we report are associated to provably consistent constructions. There are many cases in which gluing
local models consistently is highly nontrivial. Even fully analyzing all local models adequately to prove
local consistency is a major task beyond the scope of this work. Relevant results for pair collisions and
multiple point collisions can be found in [13, 32], respectively, but our requirements involving multiple
transverse singular curve collisions are somewhat stronger than addressed in the literature.
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this result and a few of the essentials for bringing the tools of F-theory to bear on the
problem of classifying flavor symmetries of superconformal field theories and their under-
lying geometric features while minimizing introduction of mathematical machinery not
required to derive new constraints.
1.1.3 Weierstrass models and gauge algebras in F-theory
The essential geometric ingredient for an F-theory formulation of an SCFT is a Weier-
strass model determining a singular elliptic fibration given by pi : X → B with fibers
determined by a Weierstrass equation of the form
y2 = x3 + fx+ g , (1.1)
where f, g are locally defined polynomials on a complex surface (more precisely, f, g are
sections of O(−4KB), O(−6KB) with KB the canonical bundle over B) with B given by
C2/Γ in the case of 6D F-theory. Here Γ is a discrete subgroup of U(2) determined by
the discriminant locus, as discussed further in [28] and briefly in section 2.12, where we
derive a simplified expression concerning the generators of these subgroups (for ‘A-type
endpoints’). The discriminant of this equation,
∆ := 4f 3 + 27g2 , (1.2)
8
is a section of O(−12KB) with its “discriminant locus,”
{∆ = 0} , (1.3)
determining where the fibration is singular. The types of singularities that are permitted
without being so severe as to prevent a Calabi-Yau resolution are given by the Kodaira
classification [22, 21, 30] and summarized in Table 1.1. The last entry in the table is
designated “non-minimal” since after the singularities in the fibers are resolved, the reso-
lution contains a curve which can be blown down, i.e., it is not a “minimal model” in the
sense of birational geometry. Blowing that curve down is associated to a new Weierstrass
model in which the orders of vanishing of (f, g,∆) along Σ have been reduced by (4, 6, 12).
For this reason we need not consider such cases. A two-dimensional Weierstrass model is
minimal at P defined by {σ = 0} provided ordσ=0(f) < 4, or ordσ=0(g) < 6. In this work,
we confine our study to those models lacking non-minimal points. (From the Calabi-Yau
condition, we could have blown up such points. Without loss of generality, we take such
a model as our starting point.)
The precise gauge algebra which occurs in the cases of ambiguity is determined by
inspection of the auxiliary polynomials appearing in Table 1.2 where Σ is a curve along
the singular locus {z = 0}, with larger gauge algebras resulting with more complete
factorizations. In 1.3.1 we review a few aspects of this issue in the form presented in [6].
A significant amount of our work will concern analysis determining when these splittings
can take place in various contexts.
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ord(f) ord(g) ord(∆) type singularity non-abelian algebra
≥ 0 ≥ 0 0 I0 none none
0 0 1 I1 none none
0 0 n ≥ 2 In An−1 su(n) or sp([n/2])
≥ 1 1 2 II none none
1 ≥ 2 3 III A1 su(2)
≥ 2 2 4 IV A2 su(3) or su(2)
≥ 2 ≥ 3 6 I∗0 D4 so(8) or so(7) or g2
2 3 n ≥ 7 I∗n−6 Dn−2 so(2n− 4) or so(2n− 5)
≥ 3 4 8 IV∗ e6 e6 or f4
3 ≥ 5 9 III∗ e7 e7
≥ 4 5 10 II∗ e8 e8
≥ 4 ≥ 6 ≥ 12 non-minimal - -
Table 1.1: Singularity types with associated non-abelian algebras.
type equation of monodromy cover
I
s/ns
n , n ≥ 3 ψ2 + (9g/2f)|z=0




3 + (f/z2)|z=0 · ψ + (g/z3)|z=0
I
∗s/ns
2n−5 , n ≥ 3 ψ2 + 14(∆/z2n+1)(2zf/9g)3|z=0
I
∗s/ns
2n−4 , n ≥ 3 ψ2 + (∆/z2n+2)(2zf/9g)2|z=0
IV∗s/ns ψ2 − (g/z4)|z=0
Table 1.2: Monodromy cover polynomials determining non-abelian gauge algebras.
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The association of non-abelian algebras to Kodaira types indicated in Table 1.1 is
carefully elucidated in [3], to which we refer the reader for additional details. The essential
idea is that the resolution of singularities, Morb, for a given Kodaira type gives rise to
a graph of curves we may naturally associate to a Dynkin diagram determining a Lie
algebra g. This same g arises as the gauge algebra of the corresponding physical theories,
namely F-theory models compactified on a Calabi-Yau threefold M with metric furnished
via [44] from Morb.
1.1.4 Summary of 6D SCFT classification in F-theory
We now turn to an abbreviated summary of the 6D SCFT classification of [16], aug-
menting our discussion with a reorganization provided by [28]. This classification pro-
ceeds by describing all possible choices of base, B, determined by a connected graph
of compact curves Σj ⊂ C2 over which the fibration is singular. The codimension one
vanishings in B of ∆ which give rise to the gauge algebra of our SCFT in the appropriate
limit constitute this graph. We return to discuss the ingredients in the limiting process
relevant to our discussion in 1.2.3.
The curves Σj must have transverse intersections (in at most a single point) meeting
certain restrictions and further decorated with an allowed gauge enhancement, both de-
scribed shortly. We require these curves be contractible in a certain sense (more precisely,
we require contractibility at finite distance in the Calabi-Yau moduli space with Weil-
Peterson metric dating in this context to [38, 39]). This leads to a pair of conclusions
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via [15, 41]: i) Σj ∼= P1 with negative self-intersection (that is, Σi · Σi < 0), and ii) the
graph consisting of the Σj must have positive definite adjacency matrix given by
Aij = −Σi · Σj. (1.4)
The latter implies that our graph contains no closed paths (i.e. it is a tree). The statement
that distinct curves intersect at most in a single point translates to the condition that
for i 6= j, we have Σi · Σj ∈ {0, 1}.
To facilitate our discussion, we typically omit the minus signs giving curve self-
intersections with the understanding that all self-intersections are negative (e.g., in place
of the chain −3,−2, writing instead 3, 2). Any two digit self-intersections will be given
with parentheses where ambiguous. For example, when writing 1, 12, 1, 2 without com-
mas, we write 1(12)12.
The discriminant locus must also meet the strong restriction that it “blow down
consistently,” meaning iterated blow-down of all −1 curves must yield a permitted “end-
point” given in [23] and restructured in [28]. We discuss certain finer details after review-
ing the main result of [16]: with few exceptions we note shortly, every 6D SCFT base in











where gi ∈ {4, 6, 7, 8, 9, (10), (11), (12)} are dubbed “DE-type” nodes (referring to the
gauge algebras supported on these curves), I⊕l is a subgraph of the form 122....2 consisting
of l curves (called an “instanton link”), and Si, Li are “side links” and “interior links”,
respectively, where a link is graph of curves allowing attachment to DE-type nodes along
its exterior −1 curves, e.g. 131. Briefly, allowed bases are linear chains of curves with
highly restricted branching allowed only near the ends. Truncations of the above form
are also valid base forms. We refer the reader to [16] (5.101-5.107) for the full details
of two exceptions to the above structure and several simplifying restrictions. The first
exception allows a limited class of bases with a single 4-valent curve that are linear away
from this curve (including the three possible 4-valent links). The only other exception
is at precisely five nodes, where there can be up to four instanton branches rather than
three as above.
To classify all 6D SCFTs obtainable in this scheme, the remaining ingredient is to
determine permitted gauge enhancements for each valid graph. These too were charac-
terized in [16]; some further enhancement elimination is possible as we outline in B. 4
The classification 6D SCFTs built in F-theory is hence simplified to determining the set
of allowed links, to which nodes these may attach, and the compatible gauge enhance-
ments for a given graph through prescription of link enhancements gluing coherently.
The complete listing of links appears in [16]. We display this result in Tables 1.3,1.4 to
4As a step in the present study, these enhancement constraints are confirmed for all links via geometric
methods, meaning via features of fibrations having Calabi-Yau resolution without invoking representation
theoretic restrictions (gauge anomaly cancellation and mixed anomaly cancellation, which we discuss
briefly in section 1.2.2). This gives a strong check on the enhancement structure restrictions of [16].
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clarify our primary task: computation of global symmetries for all theories given by an
enhancement of a link (since these are the building blocks of all bases). 5,6 Note that not
all outer −1 curves permit attachment of nodes. For example, the 4-valent links are all
‘noble molecules’ permitting no attachments of any kind (since the resulting bases do not
blow-down consistently).
A key restriction employed in this classification dates from [23] (and in restructured
form from [28]), where it is shown that every valid base blows down one of an A-type,
D-type, or E-type “endpoint”, with A-type endpoints of the form αAnβ where
α, β¯ ∈ {∅, 3, 32, 322, 3222, 4, 42, 5, 6, 7}
(with β¯ denoting the reverse of the string β and An denotes a linear chain of n pairwise
intersecting −2 curves), D-type endpoints given by Dnγ, with γ ∈ {32, 24}, where Dn is
D-type Dynkin diagram consisting of n pairwise intersecting −2 curves, e.g. D5 is given
by 2
2
222, and E-type endpoints consisting of only −2 curves similarly associated to the
E-series Dynkin diagrams. 7 The remaining restrictions yielding the classification largely
follow from the allowed Kodaira singularity types (i.e. barring non-minimality at any
5We refrain from including single curves and instanton links. Note that all 4-valent links are ‘noble’,
i.e. they cannot attach to any nodes. Since we can decompose these few cases into trivalent types with
an additional −1 having fairly ‘small’ global symmetry contribution, we treat these cases by hand rather
than provide computer algorithmic treatment for such bases.
6Curves Σ with 1 ≤ m := −Σ · Σ ≤ 12 are allowed bases. When 9 ≤ m ≤ 11, we must perform
12−m blowups. Thus, one may alternatively consider the valid single curve bases to require 1 ≤ m ≤ 8
or m = 12. We follow the latter approach.
7One exception must be made for the base 2
2
32, which does not fit any of the above categories.
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Interior links End links 0-links
131 132 13 232 2315123
1231 1322 123 2312 22315123
12231 1232 1223 23132 23151313
12321 13132 1313 21322 223151313
151321 123132 12313 21512 215131513
151231 131322 122313 223132 2315131513
1513221 131512 131513 215132 215
1512321 1223132 1231513 2315132 2315
1315131 1315132 1315123 2231322 2215
12315131 1231322 1321513 2151322 22315
122315131 1231512 12231513 2215132 23215
123151321 12315132 12321513 2151232 22215
151315131 12231322 12315123 22315132 231315
1223151321 13151322 122315123 23215132 2151315
1513151321 13151232 1315131513 22151322 23151315
12231513221 13215132 12315131513 223151322 21513215
15131513221 12231512 122315131513 232151322 231513215
122315132 1315 23151315132 2315132215
123215132 12315 21513151322 2231513215
123151322 13215 2231513151322 22315132215
123151232 122315 23 313
132151322 123215 223 3213
1223151322 132215 213 31513
1223151232 13151315 2313 315123
1232151322 123151315 22313 3131513
13151315132 131513215 23213 315131513
123151315132 1223151315 21513 315
131513151322 1231513215 231513 3215




Table 1.3: All non-instanton linear links with length at least two.
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3-Valent links

































































































































Table 1.4: All branching links
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codimension 2 point of B) and the number of required vanishings of f, g,∆ determined
by curve self-intersection numbers. 8
Description of the blow-down process is available in the references above, but we
describe it here for convenience. A single step in the process involves blowing down a
−1 curve which inflicts a reduction on the negative self-intersection of its neighboring
curves. The entire procedure consists of blowing down all −1 curves via iteration. A
simple example is the following blow-down process yielding an allowed ADE graph (given
by 22) after blow-down:
31512→ 3141→ 313→ 22.
1.1.5 Further comments
Since our main goal is the computation of global symmetries for every 6D SCFT
base with specified enhancement, it should now be plausible that it suffices to proceed
by solving this problem for links and then to treat longer quivers containing DE-nodes
by sewing our results together on overlaps (as DE-nodes can only appear in a base by
themselves or via attachment to a −1 curve of a link). We separate our discussion of
bases consisting only of bare instanton links, bare An graphs consisting of only −2 curves,
and those form (2)(1)4 . . . 1 . . . 4(1) consisting of alternating −1 and −4 curves optionally
decorated by a short instanton link. These bases allow infinitely many non-isomorphic
8We wonder if these are in fact sufficient conditions. They are (strictly) tighter constraints on the
permitted enhancement structure for all bases appearing [16].
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gauge enhancements, thus making their algorithmic treatment and subsequent discussion
slightly different. We refer to these as “rogue” bases.
The global symmetry algebras we present throughout this work are constraints on
global symmetries realizable in F-theory with the exception of the single curve bases
where we explicitly compare the correspondence with field theory. As noted above, while
many of the global symmetry maxima we find can likely be realized via our general
method outlined in Section 1.2 and generalized in the second chapter, we do not in all
cases explicitly construct f, g, and ∆ determining the fibration globally. Rather, we
provide constraints via analysis of local models for curve intersections without determin-
ing whether a consistent global description of the base is possible while satisfying all
local intersection requirements for prescription of a given SCFT with associated global
symmetry arising in the appropriate limit.
To clarify Results 1.1.1,1.1.2 and Conjecture 1.1.3, we have explicitly confirmed that
constraints on global symmetry for single curve theories are (often strictly) tighter in
F-theory constructions than predictions arising from field theory. While we have con-
firmed gauge enhancement constraints from F-theory are (strictly) tighter than their field
theoretic counterparts from [16], we have not carried out the analogue of the one com-
pact curve discriminant locus comparisons of global symmetry in the more general base
context (though, at least in principle, doing so is fairly straightforward).
In many (but not all) cases, the constraints of [32] (often referred to as “Persson’s
List”) have been confirmed via our methods. Configurations remaining after imposi-
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tion of these constraints lead to consistent global models in many cases even when the
non-abelian algebra bearing curves are required to intersect the discriminant locus trans-
versely. However, we do not pursue the complete generalization of [32] relevant to our
setting in F-theory where we require collections of transversely intersecting curve stubs
of specified singularity types which are permissible as point singularities via [32]. While
further constraints on F-theory fibrations might be obtained with such an approach, the
close matching between field theory predictions and F-theory constraints for global sym-
metries of theories with 1D Coulomb branch may indicate that the variety of cases we
describe which do not permit a valid global construction is limited. It may be worth
noting that the gaugeless and 1D Coulomb branch cases we review in this chapter can be
viewed as a particular extension where we allow arbitrary Kodaira type (rather than only
type I0) along the single curve being met by families of transverse curves with the caveat
that we only record fiber configurations which carry the (relatively) maximal product
algebra(s).
1.2 Global symmetries for SCFTs with 1D Coulumb
branch
We summarize here the results of [6, 24] determining (relatively) maximal global
symmetry algebras for 6D SCFTs having a zero or one dimensional Coulomb branch as
they arise via two separate computational approaches. The first employs field theoretic
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methods relying on anomaly cancellation restrictions. The second method is based upon
constraints on the geometry of singular fibrations giving valid F-theory bases. We discuss
the few cases where we find disagreement between these two approaches. New restrictions
for intersections of curves over which the elliptic fibration is singular are described. Many
of these find a role in the more general situation treated in the following chapter where the
Coulomb branch is allowed dimension larger than one. We begin with general overview
of the physical context in which these calculation arise before embarking on the summary
of results and some of their derivations.
1.2.1 Physical overview
The essential idea in the F-theory constructions of SCFTs for which we investigate
global symmetries is that consideration of a contractible collection of curves Σi ⊂ B
allows for a scaling limit in which gravity decouples and a conformal fixed point emerges.
The above SCFT classification result begins with an F-theory model in which the sin-
gularities of high-multiplicity have been blown up. Our discussion takes place on this
‘Coulomb branch’ of the SCFT in which nonzero vacuum expectation values arise for the
tensor multiplets of the theory. We are interested in studying the Weierstrass models
of these SCFTs directly, but we note that our conclusions only follow after the compact
components of the discriminant locus are contracted.
In the present work, we follow the approach used in [6, 24] to derive our constraints
on global symmetry. The underlying idea originates from [26, 42, 27] and has also been
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employed more recently in [17, 8, 16]. This involves determining which collections of
non-compact curves carrying non-abelian gauge algebras are permitted to intersect the
compact curves in the discriminant locus (these dictating the gauge algebra of our SCFT).
In the limit where we contract the compact curves in the discriminant locus, the sum of
gauge algebras supported on the non-compact curves arises as a global symmetry algebra
of our SCFT. Since the global symmetries of the SCFT act as global symmetries of the
Coulomb branch, constraints on those of the Coulumb branch apply to those of the SCFT
as well.
We note that the key features of an SCFT are captured by the leading terms in the
Weierstrass equation obtained by truncating f, g appropriately as
y2 = x3 + f˜(z, w)x+ g˜(z, w) ,
where f˜ and g˜ contain only the low-order terms of f and g (with the permitted trun-
cations being SCFT dependent). The additional freedoms in an F-theory model for an
SCFT captured by the higher order terms and compatible choices of lower order term
coefficients may be viewed as specifying irrelevant deformations of the SCFT correspond-
ing to points in the configuration space of field theories which flow to the same SCFT
under renormalization. Further relevant comments addressing the physical context in
which our work takes place may be found in [6].
As discussed in [6], there are several interesting features of our results in the 1D
Coulomb branch case. We do not always find agreement with field theory, and perhaps
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more interestingly, we do not always find a maximal global symmetry algebra arising via
our F-theory constructions. In some cases, we find more than one relatively maximal
subalgebra of the field theoretic prediction for global symmetry. In other words, several
algebras are realizable in this way, with all others properly contained in one of them. We
return to discuss this further in the following chapter.
Finally, we pause to mention that the tools we present in following chapter may be
helpful when we consider coupling to gravity within F-theory. It is generally accepted
that full theories of supergravity cannot have any global symmetries (see for example
arguments in [2]). The local model analyses we present exclude a minority of the compact-
compact pairs one might consider in this alternative setting where we can relax our
positive-definite adjacency matrix condition and then scan for SCFTs having all global
symmetry summands promoted to gauge symmetries upon requiring compactness of the
corresponding components of the discriminant locus.
1.2.2 Global symmetries from field theory
We now briefly the review results of the field theoretic predictions for global sym-
metries of theories with 1D Coulomb branch. These were first reported in [6], to which
we refer the reader for additional details of the calculations. Briefly, we arrive at global
symmetry constraints from field theory as collected in Table 1.5 by considering which rep-
resentations of non-abelian gauge algebras (leading to global symmetries) are compatible
with those of the gauge algebra along a curve while meeting gauge anomaly cancellation
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and mixed anomaly cancellation restrictions. Gauge anomaly cancellation determines
from a curve of specified self-intersection restrictions on which gauge algebras and repre-
sentations of those gauge algebras are permitted in addition to the number of multiplets
present for each allowed representation. Mixed anomaly cancellation confines allowed
pairings of intersecting curves via restrictions on multiplet pairings for chosen represen-
tations compatible with gauge anomaly cancellation. A concise summary of restrictions
is provided in [16].
We consider a curve Σ with gauge algebra g. The possible gauge algebras and matter
representations were determined from anomaly cancellation in [7, 4]; a convenient place
to find these results in F-theory language is Table 10 of [14].9 Field theory predicts
(see, for example, [12]) that N hypermultiplets in a complex representation of the gauge
group support an SU(N) global symmetry group, which is enhanced to SO(2N) for
quaternionic (i.e. pseudoreal) representations, and to Sp(N) for real representations.10
In the quaternionic case, the underlying complex representation is a representation by
half-hypermultiplets, so that N is allowed to be a half-integer. (We will emphasize this
by declaring that the representation consists of M copies of 1
2
V , where M is allowed to
be an arbitrary integer, leading to global symmetry SO(M).)
9Our notation for representations follows [14] and is fairly standard: for su(n) and sp(n), F denotes
the fundamental representation and Λk denotes its exterior powers. Note that for g = sp(n), the
representation Λ2 contains a one-dimensional summand; the remainder is denoted by Λ2irr. For so(n),
V denotes the vector representation, S+ and S− denote half-spin representations, and S∗ (according
to [14]) denotes a spin or half-spin representation, depending on the parity of n. For the exceptional
algebras, representations are denoted by their dimension (in bold face type).
10Our convention is that Sp(N) is a subgroup of SU(2N).
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Our conventions here differ slightly with those of [14]: to compare the two, one may
substitute −KB for L in [14]. Moreover, we interpret (. . . )
∣∣
Σ
as an intersection number
(. . . ) · Σ, and do not worry about the algebraic cycle class discussed in [14]. Also, we
note that the adjoint representation never occurs in our models since Σ is rational, and




= −KB · Σ = 2 + Σ2 , (1.5)
into the formulas of [14]. Note that [14] would have included (1 + Σ2)Λ2irr as part of the
representation content of sp(n), n ≥ 2, but since Σ2 < 0 we conclude that Σ2 = −1 and
this representation does not occur.
We have used the following reality conditions. For su(n), the fundamental representa-
tion is quaternionic for n = 2 and is complex for n > 2; the anti-symmetric representation
is real for n = 4 and is complex for n > 4. For sp(n), the situation is more straight-
forward, as the fundamental representation is always quaternionic and the irreducible
part of the anti-symmetric representation (which does not occur) is always real. For the
spinor representation(s) of so(n):
• If n = 0 mod 8, the two spinor representations are real.
• If n = 1, 7 mod 8, the unique spinor representation is real.
• If n = 2, 6 mod 8, the two spinor representations are complex.
• If n = 3, 5 mod 8, the unique spinor representation is quaternionic.
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g representation global symmetry
su(2) (32 + 12Σ2)1
2
F so(32 + 12Σ2)
su(3) (18 + 6Σ2)F su(18 + 6Σ2)
su(4) (16 + 4Σ2)F + (2 + Σ2)Λ2 su(16 + 4Σ2)⊕ sp(2 + Σ2)
su(5) (16 + 3Σ2)F + (2 + Σ2)Λ2 su(16 + 3Σ2)⊕ su(2 + Σ2)
su(6) (16 + 2Σ2)F + (2 + Σ2)Λ2 su(16 + 2Σ2)⊕ su(2 + Σ2)
su(6)∗ (16 + Σ2)F + 1
2
(2 + Σ2)Λ3 su(16 + Σ2)⊕ so(2 + Σ2)
su(n), n ≥ 7 (16 + (8− n)Σ2)F + (2 + Σ2)Λ2 su(16 + (8− n)Σ2)⊕ su(2 + Σ2)
sp(n), n ≥ 2 (16 + 4n)1
2
F so(16 + 4n)
so(7) (3 + Σ2)V + 2(4 + Σ2)S∗ sp(3 + Σ2)⊕ sp(8 + 2Σ2)
so(8) (4 + Σ2)V + (4 + Σ2)(S+ + S−) sp(4 + Σ2)⊕ sp(4 + Σ2)⊕ sp(4 + Σ2)
so(9) (5 + Σ2)V + (4 + Σ2)S∗ sp(5 + Σ2)⊕ sp(4 + Σ2)
so(10) (6 + Σ2)V + (4 + Σ2)S∗ sp(6 + Σ2)⊕ su(4 + Σ2)
so(11) (7 + Σ2)V + (4 + Σ2)1
2
S∗ sp(7 + Σ2)⊕ so(4 + Σ2)
so(12) (8 + Σ2)V + (4 + Σ2)1
2
S∗ sp(8 + Σ2)⊕ so(4 + Σ2)




S∗ sp(9 + Σ2)⊕ so(2 + 12Σ2)
so(n), n ≥ 14 (n− 8)V sp(n− 8)
e6 (6 + Σ
2)27 su(6 + Σ2)
e7 (8 + Σ
2)1
2
56 so(8 + Σ2)
e8 none none
f4 (5 + Σ
2)26 sp(5 + Σ2)
g2 (10 + 3Σ
2)7 sp(10 + 3Σ2)
Note: Σ2 = −1 for su(6)∗; Σ2 = −1 for sp(n), n ≥ 2;
Σ2 = −4 for so(n), n ≥ 14; and Σ2 = −12 for e8.
Table 1.5: Global symmetries as predicted from field theory.
• If n = 4 mod 8, the two spinor representations are quaternionic.
Note that Table 1.5 respects the exceptional isomorphisms of Lie algebras. If we
extend the so(n) formula to the representation of so(6), we find (2 + Σ2)V + 4(4 + Σ2)S∗,
which agrees with the entry for su(4) once we identify (V, S∗) with (Λ, F ). Similarly, in
the case of so(5), we find (1 + Σ2)V + 8(4 + Σ2)1
2
S∗, which implies that Σ2 = −1 and V
does not occur, thus agreeing with the entry for sp(2) once we identify S∗ of so(5) with
F of sp(2).
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We emphasize that the global symmetry only depends on the gauge algebra supported
on Σ, and not on the Kodaira type that realizes it. For example, we can realize su(2)
with Kodaira types I2, I3, III and IV (with appropriate monodromies), and in all cases
the global symmetry is so(32 + 12Σ2). Hence, Table 1.5 lists only the algebras and not
the Kodaira types.
1.2.3 Global symmetries from F-theory geometry
The global symmetries of 6D SCFTs which may be realized in F-theory models were
studied in [6, 24] for bases with discriminant locus consisting of a single curve. We
reproduce the main results and some of the pertinent discussion in this section, as these
are essential to our computations. In deriving our constraints on global symmetries, two
ingredients are essential. We frequently refer to these results dating from [6], reproduced
in Appendix A. The first are expansions of f, g, and ∆ giving general forms for local
models of I∗n and In curves (largely from [20]). Our second major tool is a collection of
tables giving forbidden curve intersections and intersection contributions via [6] obtained
from these local models. While we need to generalize some of these results for our
approach in the present work, much of the relevant intersection data and local model
analysis plays a crucial role.
To begin, we review aspects of the setup, notation and terminology introduced in [6]
that simplify our presentation.
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The global symmetries are visible in an F-theory realization in the form of a compo-
nent of the discriminant locus {4f 3 + 27g2 = 0} which passes through the point P . After
rescaling, this component is necessarily non-compact, and the coupling of the associated
gauge group has gone to zero, leaving a global symmetry. If we have an F-theory model
defined on a neighborhood of a contractible collection of curves, there may be additional
non-compact curves meeting the contractible collection over which the elliptic curve de-
generates further. If there were a larger open set containing a compactification of one of
those curves, then the Kodaria–Tate classification would have determined a gauge group
for that curve. In the limit where the curve becomes non-compact, the gauge coupling
goes to zero and we see a global symmetry rather than a gauge symmetry in our local
model. These are the F-theory global symmetries we wish to compute. In all cases with
discriminant locus consisting of a single compact curve, the following basic proposition
of [6] holds.
Basic proposition: each relatively maximal algebra occurring in an F-theory construction
with discriminant locus consisting of a single curve carrying non-abelian gauge algebra is
a subalgebra of the field-theoretic algebras collected in Table 1.5. In most cases, F-theory
can realize the field-theoretic symmetry algebra.
Note that in many cases we cannot determine from the local analysis whether the
Kodaira fibers over the non-compact curves have monodromy or not. In these cases, we
will prescribe the maximal global symmetry algebra compatible with the data (i.e. the
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one without monodromy). In some cases, constraints can be found on the non-compact
curves to have monodromy, thereby reducing the global symmetry algebra rank.
This is a good moment to point out a small assumption we have been forced to make
in our analysis. The discussion of Tate’s algorithm in [20] and [25] is incomplete for
Kodaira types In, 7 ≤ n ≤ 9, and it is therefore conceivable that our analysis misses
some cases associated with those Kodaira types.
Let us consider an irreducible effective divisor Σ = {z = 0} ⊆ {∆ = 0} with self-
intersection number Σ · Σ = −m. We introduce the condensed notation (a, b, d)Σ to
indicate the orders of vanishing of f , g and ∆ along Σ, respectively. Σ must be topolog-
ically a P1 and its genus is g = 0. Thus we have (as in (1.5))




, g˜ ≡ g
zb
, ∆˜ ≡ ∆
zd
, (1.7)
are sections of the following line bundles
f˜ ↔ O(−4KB − aΣ) , g˜ ↔ O(−6KB − bΣ) , ∆˜↔ O(−12KB − dΣ) . (1.8)
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We define the residual vanishings on Σ as
a˜Σ = (−4KB − aΣ) · Σ = −4(m− 2) +ma ,
b˜Σ = (−6KB − bΣ) · Σ = −6(m− 2) +mb ,
d˜Σ = (−12KB − dΣ) · Σ = −12(m− 2) +md . (1.9)
These values, which are required to be non-negative since f˜ , g˜, ∆˜ do not contain Σ as
a component, count the number of zeros (with multiplicity) of f˜ , g˜ and ∆˜, respectively,
when restricted to Σ. We will refer to ∆˜ as the residual discriminant. Extending the no-
tation above, we will indicate the triple (1.9) as (a˜, b˜, d˜)Σ. Our analysis aims to determine
which collections of local configurations are globally compatible with (1.9).
The first step towards our goal is to tackle the intersection between two curves. Let
Σ = {z = 0} and Σ′ = {σ = 0} be two such curves intersecting at a point P ≡ Σ ∩ Σ′.
We describe this situation locally by a Weierstrass model, i.e. by specifying the quantities
in (1.1). Following the discussion above we demand that the multiplicities of f and g at
P do not exceed 4 and 6 respectively.11 Already this basic requirement yields a first set
of constraints. In fact, we can exclude all pairwise intersections that satisfy
aΣ + aΣ′ ≥ 4 , bΣ + bΣ′ ≥ 6 . (1.10)
11If that is not the case (i.e. if the multiplicity of f at P is at least 4 and the multiplicity of g at P is
at least 6), it follows that the multiplicity of ∆ at P is at least 12.
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As an example of this, we see from Table 1.1 that a curve carrying singularity type II∗ is
in principle only allowed to have intersections with curves carrying singularity type In.
These remaining cases are fully treated in appendix A.1. In general, the situation is a
bit more complicated as
ordPf ≥ aΣ + aΣ′ , ordPg ≥ bΣ + bΣ′ , ordP∆ ≥ dΣ + dΣ′ . (1.11)
It is worth noting that there are cases where the strict inequalities hold; that is, we find
additional contributions to the multiplicity at P beyond those coming from the degrees of
vanishing along the two curves. Geometrically, this means that our local model describes
a situation in which other components of the quantities f , g and ∆ intersect at P . Hence,
our criterion to discard pairwise intersections now reads
ordPf ≥ 4 , ordPg ≥ 6 . (1.12)
For each intersection it is then natural to define
a˜P ≡ ordP f˜
∣∣
z=0
, b˜P ≡ ordP g˜
∣∣
z=0




and we will use the notation (a˜P , b˜P , d˜P )Σ.
The second step in our analysis is to determine how to glue these local models for
pairwise intersections into globally well-defined configurations. Let Σ = {z = 0} be a
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curve as above, and let Σk, k = 1, . . . , N , be a collection of curves, each transversely
intersecting pairwise with Σ at the points Pk. We implement the global constraints on




a˜Pk , b˜Σ ≥
∑
k




Before we proceed to a more detailed case by case investigation, we wish to make
a couple of general remarks. We say that Σ = {z = 0} carries odd type whenever the





4f˜ 3 + 27zpg˜2
)
, (1.15)
for some p > 0 and z - f˜ . We indicate this as (a, b+B, d)Σ, where B = 0, 1, . . . . Setting
z = 0, the second term in the right hand side vanishes identically and we find that
d˜P = 3a˜P . Similarly, we say Σ carries even type when (a + A, b, d)Σ, A = 0, 1, . . . , and





4zpf˜ 3 + 27g˜2
)
, (1.16)
for some p > 0 and z - g˜. In this case we have instead d˜P = 2b˜P . We describe the
remaining cases, namely In and I
∗







contribute to the residual discriminant.
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In the even and odd cases, we are able to treat the general cases at once, i.e. those
for any value of A and B. This is done by relaxing the first condition in (1.14) for the
even case and the second in the odd case. For hybrid curves, this is however not possible,
though we will argue in the relevant case (type I∗0) that the maximal group is obtained
for A = B = 0.
Nontrivially gauged theories
We first present the global symmetries realizable in F-theory for those cases where the
lone curve in the base carries non-abelian gauge algebra and then review the arguments
leading to these results dating to [6] in section 1.3 up to tightenings beyond the maxima
presented in [6] which are indicated with a ‘†’ symbol. Summaries of these results appear
in Tables 1.6 and 1.7. In these cases with non-abelian gauge algebra, the global symmetry
predictions from field theory are remarkably close to the constraints we find from F-theory
geometry, the latter being more restrictive.12 We discuss details of the few cases where
we find disagreement following a review of the field theoretic Coulomb branch constraints
on SCFT global symmetries.
Gaugeless theories
The global symmetries which may arise in F-theory models lacking non-abelian gauge
algebra (i.e. where discriminant locus consists of a single trivially gauged compact curve
12Around the time [6] appeared, new results released in [31] constraining field theory predictions
further in one particular case where find mismatch was reported, bringing agreement with predictions
from F-theory. Whether yet unknown further constraints on field theory might allow precise matching
in all cases remains an intriguing question.
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1 su(8 + n)
In≥4, n even
sp(n/2) 1 so(16 + 2n)
su(n)
2 su(2n)













g2 ⊕ g2 ⊕ su(3) (†)























3 sp(1)⊕ sp(1)⊕ sp(1)
2 sp(2)⊕ sp(2)⊕ sp(1)⊕2
1 sp(3)⊕ sp(3)⊕ sp(1)⊕3
Table 1.6: Global symmetries of gauged F-theory models.
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so(2n+ 7) 4 sp(2n− 1)




III∗ e7 1–8 -
II∗ e8 12 -
Table 1.7: Global symmetries of gauged F-theory models.
that is contracted in the appropriate limit), first appeared in [24], thus completing a
characterization global symmetries for single curve theories. Essential to the present work
are the maximal global symmetry inducing configurations and tabulations of intersection
contributions in these cases. Generalizations of this data to cases with A,B > 0, are
treated in the following chapter. We omit the arguments yielding these results; they are
similar in flavor to those we shall discuss at length in cases where the single compact
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curve in the discriminant locus carries a non-abelian gauge algebra. (Details can be found
in [24].) The aforementioned Chapter 2 extensions are required for our approach to allow
our treatment of arbitrary bases containing gaugeless components of the discriminant
locus since it is often necessary in bases containing more than a single curve that certain
Kodaira types in the compact components of the discriminant locus can only appear with
A,B > 0.
type along Σ algebra on Σ −Σ2 max. global symmetry algebra/

























g2 ⊕ sp(N), N ≤ 4
sp(3)⊕ su(3)
Table 1.8: Global symmetries of gaugeless F-theory models.
A few comments in the case of a single type I0 curve are merited. In the analysis
leading to the above bounds on global symmetry, the maximal algebras listed are those
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permitted as collections of singular points along an I0 curve via constraints derived in [32],
but we have not checked the somewhat stronger condition that these can coexist along
curves which simultaneously transversely intersect a type I0 curve. Note that here, as with
many of the other configurations of curves we study in this work, the maximal gauged
curve collections which can arise may place distinct restrictions on the singularity type
of the compact curves they intersect. As an example, among the maximal gauged curve
configurations above for a type I0 are [III
∗,III] and [IV∗s,IVs], from which the algebras
e7 ⊕ su(2) and e6 ⊕ su(3) arise. However, the former requires B > 0, and the latter
A > 0, where the orders of vanishing along the I0 curve are given by (A,B, 0). Since
A,B cannot simultaneously be non-zero for type I0, a given fixed compact component
of the discriminant locus consisting only allows at most one of these transverse curve
collections. In this sense, they can only arise in distinct geometries. This phenomenon
is one motivation for tracking the geometric data captured by the orders of f, g,∆ in
our work. In our example, we have a larger algebra in which these are both subalgebras,
namely e8. We might hastily conclude the global symmetry algebra of all models with a
lone I0 curve is then always e8. However, when B > 0, intersection with any e8 bearing
curve is non-minimal. Our approach intends to enable a broader determination of whether
the distinct global symmetries we find may arise from distinct SCFTs with their data
specified by the geometry of the fibration at a level of precision beyond specification of
the gauge algebra, instead tracking the orders of f, g,∆ along each of the compact and
non-compact components of the discriminant locus.
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1.2.4 Comparison with field theory
Gauged theories
Tables 1.6 and 1.7 list the (relatively) maximal symmetry algebras of F-theory con-
structions for the class of 6D SCFTs with discriminant locus consisting of a single non-
compact curve with non-abelian gauge algebra meeting the additional hypotheses of [6].
Comparing with Table 1.5, we conclude that in some cases the global symmetry from
field theory can be realized; in other cases, this cannot happen and we determine the
(relatively) maximal global symmetry algebras.
In fact, the agreement between the F-theory constructions and the Coulomb branch
predictions is quite good, and we can easily list the cases where there is a mismatch.
Note that in some cases, there is more than one way to produce the gauge algebra in
F-theory; it is enough for our purposes if we can find agreement between the field theory
prediction and at least one of the F-theory realizations. With that being said, the cases
where there is a mismatch are:
1. In the case of su(2) with m = 2, we have obtained only so(7) rather than the
Coulomb branch expectation of so(8). This is the case which has already been
explained in [31], which found a field-theoretic reason that the SCFT should have
a smaller global symmetry than the one observed on the Coulomb branch.
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2. In the case of su(3) with m = 1, we see the most severe mismatch: the predicted
global symmetry is su(12), but we find only a variety of different subalgebras of
this (different ones for different realizations of the gauge algebra).
3. For so(8) with m = 1 or m = 2, we only realized sp(4−m)⊕sp(4−m)⊕sp(1)⊕(4−m)
rather than the predicted sp(4−m)⊕ sp(4−m)⊕ sp(4−m).
4. For so(n), 9 ≤ n ≤ 13 and m < 4, the predicted global symmetry associated to the
spinor representation is never realized.
5. For so(13) with m = 2, only a sp(5) subalgebra of the predicted sp(7) algebra is
realized.
6. Finally, for f4, e6, and e7, none of the predicted global symmetries are realized.
Gaugeless theories
Reading from Table 1.8 which is reproduced from [24], we note that in these cases
there is a larger gap between what we expect from field theory models and F-theory
constructions, the latter usually generating algebras having rank lower than 8, while field
theory offers little in the way of constraints to tighten beyond an e8 global symmetry
algebra.
We return later to discuss an issue hinted at by the following observation. Even when
the discriminant locus consists of an I0 curve, we find significant constraints on the global
symmetries that can be realized in F-theory beyond those we might expect from field
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theory via the e8 gauging condition of [16]. When B > 0 along Σ of type I0, we cannot
achieve the e8 global symmetry algebra we expect from field theory since the resulting
model in such a construction is non-minimal. One might take this to suggest that a
certain amount of data beyond which Kodaira types occur in ∆ may be important in full
description of a geometry–field theory dictionary.
1.3 Review of gauged 1D F-theory global symmetry
computatons
In this section, we review the arguments presented in [6] leading to the results dis-
cussed above and summarized in Tables 1.6,1.7. We proceed through the various pos-
sibilities for the Kodaira type along the single compact curve in the discriminant locus
carrying a non-abelian gauge algebra.
1.3.1 Comments on monodromy
This “monodromy” determining the gauge algebra is part of Tate’s algorithm [37],
originally appearing in the physics literature in [3]. Specification of the gauge algebra is
reached via Table 4 of [14], which we summarize here. In each case, there is a covering
of Σ that can be described by means of an algebraic equation in an auxiliary variable ψ,
taking its values in a line bundle over Σ.
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For all cases except I∗0, the equation of the monodromy cover takes the form “ψ
2 −
something”, and this cover splits (leading to no monodromy) if and only if the expression
“something” is a perfect square. In the remaining case I∗0, the monodromy cover equation
defines a degree 3 cover of Σ, and one must analyze this further to determine if that cover
is irreducible (g(Σ) = g2), splits into two components (g(Σ) = so(7)), or splits into three
components (g(Σ) = so(8)). Each of these possibilities is reflected in the behavior of the
residual discriminant, as we now describe.
First, suppose that the monodromy cover splits completely, resulting in gauge algebra
so(8). We have
ψ3 + (f/z2)|z=0 · ψ + (g/z3)|z=0 = (ψ − α)(ψ − β)(ψ − γ) , (1.17)
with α + β + γ = 0. One can calculate the residual discriminant (∆/z6)|z=0 to obtain
4(αβ + βγ + γδ)3 + 27α2β2γ2 = −(α− β)2(β − γ)2(γ − α)2
= −(α− β)2(α + 2β)2(2α + β)2 . (1.18)
This form of the residual discriminant is a necessary consequence of having gauge algebra
so(8). The analysis of [14] then associates to the vanishing of the factors α − β, β − γ,
and γ − α the three different 8-dimensional representations of so(8).
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When the monodromy cover splits into a linear factor and a quadratic factor (corre-
sponding to gauge algebra so(7)), we have
ψ3 + (f/z2)|z=0 · ψ + (g/z3)|z=0 = (ψ − λ)(ψ2 + λψ + µ) . (1.19)
The residual discriminant (∆/z6)|z=0 then reads
4(µ− λ2)3 + 27λ2µ2 = (µ+ 2λ2)2(4µ− λ2) . (1.20)
The factor ϕ := 4µ − λ2 is the discriminant of ψ2 + λψ + µ = 0, thus capturing the
ramification points of the double cover. If ϕ is a square, then the double cover splits and
we are in the case with so(8) gauge algebra. If not, the analysis in [14] then shows that
the intersection points are associated to the 7-dimensional representation of so(7), while
the other points (the zeros of µ+ 2λ2) are associated to the spinor representation.
If the monodromy cover splits completely in (1.19), we may choose one of the roots
(say α) as λ, and we have µ = βγ. Using γ = −α− β, this gives
µ+ 2λ2 = βγ + 2α2 = (2α + β)(α− β) ,
4µ− λ2 = 4βγ − α2 = −(α + 2β)2, (1.21)
readily allowing comparison between the two forms of the discriminant.
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1.3.2 Type In
Let Σ = {z = 0} carry type In for n ≥ 2 with self-intersection number Σ2 = −m.
The residual vanishings on Σ are given by
(a˜, b˜, d˜)Σ = (8− 4m, 12− 6m, 24 + (n− 12)m) , (1.22)












for some locally-defined function φn, which depends on n. Except when n = 2, where
there is no monodromy issue, we can additionally write13 φn = µφ
2
0 with µ square-free
and the monodromy is determined by whether µ vanishes14 somewhere along Σ.
The case m = 2 is very simple and we consider it first. Notice that a˜Σ = b˜Σ = 0,
implying that neither quantity in (1.23) can vanish. This means that µ cannot vanish
anywhere along Σ. Hence, the case with monodromy cannot be realized. This matches
with the fact that Σ2 = −1 for sp(n) as derived in section 1.2.2 via arguments dating
to [6]. We can thus assume without loss of generality that there is no monodromy along
Σ and the only allowed configurations are chains of type Cn1,...,nN ≡ [In1 , . . . , InN ] with
associated algebras su(n1)⊕· · ·⊕su(nN). In particular, the maximal configuration will be
13Of course, µ and φ0 depend on n, but we will not keep track of this index.
14Note that our previously stated criterion for monodromy in this case asked whether −9g/2f , when
restricted to z = 0, is a square or not. Since −9g/2f |z=0 = 14φn = 14µφ20, this is clearly equivalent.
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Cd˜Σ , yielding the algebra su(d˜Σ) where d˜Σ = 2n. We easily see that the basic proposition
is verified here, as the algebra from field theory is so(8) for n = 2 and su(2n) for n ≥ 3.
In the rest of this section, we will deal with the case m = 1, for which (a˜, b˜)Σ = (4, 6).
We start by proving some simple but useful results for n ≥ 3, where from (1.23) we have
deg φn = 2 and
deg µ+ 2 deg φ0 = 2 . (1.24)
If Σ has monodromy, then deg µ > 0 and by (1.24) we get deg µ = 2 and deg φ0 = 0.
Otherwise, Σ has no monodromy and deg µ = 0, deg φ0 = 1.
We wish to study the restrictions that this global constraint imposes on different
Kodaira singularity types when present in a configuration over Σ. Let n = 2i or n = 2i+1
and let Σ′ = {σ = 0} carry type In′ , where n′ = 2j or n′ = 2j + 1. To determine the
maximal allowed value for n′ we will consider for simplicity the general forms given in
(A.25). The divisibility conditions read
z, σ - u , ziσj|v , z2iσ2j|w . (1.25)












and by (1.25) we have that σn
′ |∆̂; that is the degree of vanishing of ∆̂ at σ = 0 is at least
n′. In other words, though u
∣∣
z=0
could vanish at σ = 0 as well (therefore contributing
to d˜P ), it does not increase the degree of vanishing of ∆ along the transverse type In′
curve. In the remainder of this section, we assume without loss of generality that u
∣∣
z=0
does not vanish at the intersection points between Σ and curves of type In′ .
Now we wish to discuss the implications of a transverse intersection with a curve
carrying any of the remaining Kodaira singularity types. If Σ has no monodromy, we
observe from Table A.2 that type I∗0 and type I
∗
n′ are not allowed in any configurations,
while type IV is forbidden for n ≥ 4 and type III for n ≥ 5. Moreover, here deg φ0 = 1,
thus there can be at most one curve carrying type other than In′ , which will intersect Σ
at φ0|z=0 = 0.
In the monodromy case, deg µ = 2 and configurations can admit up to two curves




the relevant configurations are chains of the type Cn1,...,nN with one or two other singularity
types attached. However, since Cn1,...,nN yields the algebra ⊕i su(ni), when looking for





Perhaps a comment is useful here. We stated above that Kodaira types other than In′
can only intersect Σ at the roots of φn|Σ. There is an example that seems to contradict
this. Let us consider an intersection with type IV along the locus {σ = 0}, then both
f and g vanish to order 2 in σ and it seems that φn = −9g/2f |z=0 need not vanish.
However, the point is that the quantity g/f is evaluated along Σ, where g|z=0 and f |z=0
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can have higher orders of vanishing. These are determined carefully in appendix A.1,
and it turns out that for all intersections, except with type In′ , φn does indeed vanish.
Having summarized some of the general features of the pertinent local models, let us
proceed to a detailed analysis.
n = 2
In this case, there is no monodromy ambiguity and we see from Table A.2 that types
III, IV, I∗0 and I
∗







φg˜2 − f 21
)
, (1.27)
where the quantities on the RHS are restricted to the locus {z = 0}. In the language of
(1.26), we define
∆̂ ≡ φg˜2 − f 21 . (1.28)
From (1.23), it follows deg φ = 2 and there can be up to two curves carrying type other
than In′ in a configuration. Let Σ
′ = {σ = 0} carry a given Kodaira type and let
P ≡ Σ ∩ Σ′. Our strategy is to determine the lowest order of vanishing of ∆̂ at P, and
introducing a non-standard notation, we will denote this value by ordP ∆̂. This is easily
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done by recalling the general form for type I2
f = − 1
48
φ2 + f1z +O(z





φf1z + (g˜2 − 1
12
φf2)z
2 +O(z3) , (1.29)
as well as the data from Table 1.1. In fact, let Σ′ carry type III, then σ|f and σ2|g,
making σ|{φ, f1} and σ2|g˜2. Plugging these into (1.28), we obtain σ2|∆̂. If Σ′ carries
type IV, then σ2|f and σ2|g, and hence σ2|f1 while everything else is unchanged from
the case above, in turn yielding ordP ∆̂ = 3. Next, we consider the case of Σ
′ carrying
type I∗p for p ≥ 0. The argument here is somewhat different, as it suffices to realize that
6 + p = ordP∆ = 2ordPφ+ ordP ∆̂ . (1.30)




φ , vi = fi , i ≥ 1 , wj = g˜j , j ≥ 2 . (1.31)
The Tate form for I∗p (regardless of monodromy) prescribes σ|u but σ2 - u, hence ordPφ =
1.15 This determines ordP ∆̂ = 4 + p. We summarize all of this in the following table.
I∗0 I
∗
p III IV In′
ordP ∆̂ 4 4 + p 2 3 n
′
15In other words, if ordPφ > 1 then we are in a different branch of Kodaira’s classification.
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This also allows us to reduce the types of configurations we need to consider. From the
data above, as far as algebras are concerned
[. . . , III, . . . , In′ , . . . ] ⊂ [. . . , In′+2, . . . ] , [. . . , IV, . . . , In′ , . . . ] ⊂ [. . . , In′+3, . . . ] . (1.32)
Hence, we avoid considering type III and type IV. Finally, recalling that deg ∆̂ = 10, we
obtain the following relevant configurations
configuration(s) algebra(s)
I10 su(10)
I∗p, I6−p, 0 ≤ p ≤ 6 so(8 + 2p)⊕ su(6− p)
I∗p, I
∗
q, I2−p−q, 0 ≤ {p, q, p+ q} ≤ 2 so(8 + 2p)⊕ so(8 + 2q)⊕ su(2− p− q)
We conclude that the global symmetry of the maximal configuration [I∗6] agrees with the
field-theoretic prediction of so(20).
n ≥ 3 odd





= u20 (4u0w2i+1 + 4u1w2i − 2vivi+1) , (1.33)
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where u0 = µφ
2
0 and n = 2i+ 1. As before, we assume throughout the rest of this section















denoting by ∆̂ the term inside the brackets. Even for the cases n = 3 and n = 5, the
expressions above are completely general, as there is an isomorphism between the explicit








vk = fk , k ≥ 3 , w4 = 1
4
µψ22 , wl = ĝl , l ≥ 5 . (1.35)
First, let us suppose that there is monodromy on Σ. From above we have that deg µ =
2 and deg φ0 = 0; we set φ0 ≡ 1 for concreteness. This implies deg ∆̂ = d˜Σ − 6 = 6 + n,
yielding I6+n as the largest type In′ allowed in any configuration.
To take into account the presence of other singularity types we need to determine, as


















2i+1 +O(z2i+2) . (1.36)
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When Σ′ carries type III, we have that σ|{u, v} and σ2|w. Since σ2 must divide µt2i and
µ is square-free, it follows that σ|ti. All of this implies that σ2|∆̂ for type III. When Σ′
carries type IV without monodromy (if there is monodromy, the gauge algebra is su(2)







uv + w (1.37)
have degrees of vanishing 3, 3 and 2 along {σ = 0}, respectively. Monodromy forces








z2i+1 + · · · , (1.38)
where w2i+1 = σ
2w˜2i+1. Whether (1.38) is a square or not is contingent upon whether
w˜2i+1 vanishes identically or it is further divisible by σ. In either case, it is straightforward
to verify that ordP ∆̂ = 3.
In the case Σ′ supports type I∗0, there are two cases we need to distinguish. In fact,
while σ|u and σ2|v always hold, we have that σ3|w for I∗0ns (algebra g2) and σ4|w for both
I∗0
ss and I∗0
s (algebras so(7) and so(8), respectively). For the latter case, we will consider
only I∗0
s as it leads to the largest global symmetry. It follows that σ|ti for I∗0ns and σ2|ti
for I∗0
s, and (1.34) determines σ3|∆̂ for I∗0ns and σ4|∆̂ for I∗0s.
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The remaining case we need to analyze is when Σ′ carries type I∗p for p ≥ 1. First
suppose that p = 2n′ + 1; then σ|u, σn′+3|v and σ2n′+4|w, which in turn implies σn′+2|ti.
This leads to ordP ∆̂ = 2n
′ + 4 = p + 3, and this holds for I∗p









z2i+1 + · · · , (1.39)
where w2i+1 = σ
2n′+4w˜, has a square root. As before, in order to have no monodromy
w˜2i+1|σ=0 = 0, and this makes ordP ∆̂ = 2n′ + 5 = p + 4. The even case, p = 2n′, is
similar, but we repeat the argument for completeness. Here we have σ|u, σn′+2|v and
σ2n
′+3|w, which leads to σn′+1|ti. It is convenient to define µ = σµ˜, u1 = σu˜1, ti = σn′+1t˜i,
vi+1 = σ
n′+2v˜i+1 and w2i+1 = σ
2n′+3w˜2i+1. This gives ordP ∆̂ = 2n
′ + 3 = p+ 3, valid for
I∗p





















must be a square. Therefore, the coefficient of the first term on the RHS of (1.40) must
vanish and in particular it coincides, up to an irrelevant factor of µ˜, with (1.34), giving





s IV III In′
ordP ∆̂ 3 4 3 + p 4 + p 3 2 n
′
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The argument we provided in the n = 2 case for type III and type IV goes through
here as well, since for these, the values of ordP ∆̂ are identical. Thus, we will exclude




s, In+2−p, 0 ≤ p ≤ n+ 2 so(8 + 2p)⊕ su(n+ 2− p)
I∗p
ns, In+3−p, 0 ≤ p ≤ n+ 3 so(7 + 2p)⊕ su(n+ 3− p)
I∗p
s, I∗q
s, In−2−p−q, 0 ≤ {p, q, p+ q} ≤ n− 2 so(8 + 2p)⊕ so(8 + 2q)⊕ su(n− 2− p− q)
I∗p
s, I∗q
ns, In−1−p−q, 0 ≤ {p, q, p+ q} ≤ n− 1 so(8 + 2p)⊕ so(7 + 2q)⊕ su(n− 1− p− q)
I∗p
ns, I∗q
ns, In−p−q, 0 ≤ {p, q, p+ q} ≤ n so(7 + 2p)⊕ so(7 + 2q)⊕ su(n− p− q)
By inspection, we see that within each row of the above table except the first, the algebra
is maximal when p or p+ q assume the highest allowed value, i.e. when the last curve is
I0. This also tells us that [I
∗
p
s, I∗sn−2−p] ⊂ [I∗sn+2] and [I∗ps, I∗nsn−1−p] ⊂ [I∗nsn+3] and of course
[In+6] ⊂ [I∗sn+2] ⊂ [I∗nsn+3]. The locally maximal configurations are then as follows.
configuration(s) algebra(s)
I∗nsn+3 so(13 + 2n)
I∗p
ns, I∗nsn−p, 0 ≤ p ≤ n+12 so(7 + 2p)⊕ so(7 + 2n− 2p)
The predicted algebra is so(16 + 2(n− 1)). It is easy to check that the basic proposition
holds for each value of n. This example shows two important characteristics of our
findings, as we mentioned in the discussion above. First, we verified explicitly that the
algebra predicted through field theory is not always realizable in F-theory. Second, this
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model exhibits multiple relatively maximal algebras, each subalgebras of the maximal
algebra from field theory.
If there is no monodromy on Σ, we set µ ≡ 1 and deg φ0 = 1. Then deg ∆̂ = d˜Σ−4 =
8 + n. We recall that type I∗0 and type I
∗
n are forbidden in all configurations. However,




IV, I8 su(3)⊕ su(8)
III, I9 su(2)⊕ su(9)
(1.41)
These are all subalgebras of su(11) (which is in turn a subalgebra of field-theoretic pre-
diction su(12)). For n ≥ 5, the only relevant configurations are of the form Cn1,...,nN ,
and the maximal algebra among these results from Cd˜−4. This yields su(8 + n), which
coincides with the prediction from field theory.
n ≥ 4 even


















µφ20 + u1z + . . . , v = viz
i + vi+1z
i+1 + · · · , w = w2iz2i + w2i+1z2i+1 + · · · .
(1.43)
We define ∆̂ ≡ 4u0w2i − v2i .
Suppose first that Σ has monodromy. In this case, the form (1.42) is generic within
the assumptions of this paper. In fact, we have already showed that the inductive form
(A.25) reproduces the generic form for type I5 regardless of monodromy, and in particular
for type I4. For type I6, this is not true in general, but it holds when we impose that Σ
has monodromy. In this case, recall that deg µ = 2 and deg φ0 = degα + deg β = 0 and









νφ2 − 3λ , v4 = f4 + 1
3
φ22 , vk = fk , k ≥ 5 ,






φ32 , wl = ĝl , l ≥ 7 . (1.44)
Hence, the only case which is not captured in full generality16 by (1.42) is n = 6 with no
monodromy, which we will discuss separately.
16As stated above, we are making an assumption for n = 7, 8, 9.
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Let us proceed and determine the lowest order of vanishing of ∆̂ for intersections with
different Kodaira types. Given the simpler form of the solution (1.43) with respect to
(1.36), the analysis is less involved. Let Σ′ = {σ = 0} carry type III, then σ|{u, v}, σ2|w
and σ2|∆̂. When Σ′ carries type IV, the only modification is that now σ2|v, yielding σ3|∆̂.
Now let Σ′ carry type I∗p, where p ≥ 0. In what follows, we do not need to distinguish
between the different monodromy cases, so we only consider the largest induced algebra.
If p = 2n′+1 we have σ|u, σn′+3|v, σ2n′+4|w and σ2n′+5|∆̂; if p = 2n′ we have σ|u, σn′+2|v,
σ2n
′+3|w and σ2n′+4|∆̂. We summarize these results in the following table.
I∗0 I
∗
p IV III In′
ordP ∆̂ 4 4 + p 3 2 n
′
(1.45)
As before, we can proceed without consideration of configurations involving type III and
type IV. Since deg ∆̂ = d˜Σ − 4 = 8 + n we obtain the following configurations.
configuration(s) algebra(s)
I8+n su(8 + n)
I∗p, I4+n−p, 0 ≤ p ≤ n+ 4 so(8 + 2p)⊕ su(4 + n− p)
I∗p, I
∗
q, In−p−q, 0 ≤ {p, q, p+ q} ≤ n so(8 + 2p)⊕ so(8 + 2q)⊕ su(n− p− q)
We see that there is a maximal algebra, namely so(16+2n), given by [I∗n+4]. This coincides
with the prediction for each n.
If there is no monodromy on Σ (and n 6= 6), the only other singularity type other
that In′ is type III for n = 4, for which d˜P ≥ 4 as can be read from (1.45) and (1.42).
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The relevant configurations in this case are therefore
configuration algebra
I12 su(12)
III, I10 su(2)⊕ su(10)
The prediction from field theory is su(12). Therefore, we have again verified our basic
proposition. If n > 4, the analysis is similar to the odd case: the only relevant configu-
rations are Cn1,...,nN and the maximal is Cd˜−4. This yields su(8 + n), also matching the
field theory result.




























Now, since Σ2 = −1 we have that (a˜, b˜)Σ = (4, 6). Together with (1.46), this implies
degα + deg β = 1 . (1.48)
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Also, we have that d˜Σ = 18 and
d˜Σ = 4 degα + 3 deg β + deg ∆̂ . (1.49)
We recall that the relevant configuration Cn1,...,nN only has support on ∆̂, that is σi -





ni ≥ 4 degα + 3 deg β . (1.50)
There are two possibilities:
1. degα = 1, deg β = 0. Then
∑
i ni ≤ 14 and the maximal configuration is Cd˜Σ−4
with algebra su(14). This is the algebra associated to the su(6) row of Table 1.5.
2. degα = 0, deg β = 1. Here instead
∑
i ni ≤ 15 giving maximal configuration is
Cd˜Σ−3 with algebra su(15). This corresponds to the alternative possibility su(6)∗.
1.3.3 Type III
Let Σ = {z = 0} carry singularity type III and Σ · Σ = −m. Plugging (a, b, d)Σ =
(1, 2 + B, 3)Σ in (1.9), we compute (a˜, b˜, d˜)Σ = (8 − 3m, 12 − 4m + Bm, 24 − 9m). We
now proceed to separately analyze the two cases m = 1, 2.
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Let us start with m = 2. First of all, we need to determine which curves locally admit
allowed intersections. From (1.10) and appendix A.2 we see that type IV∗, III∗ and II∗ are
forbidden, as well as type I∗n for n ≥ 1. From Table A.2, we see that an intersection with
In is possible for each n, which together with type III, IV and I
∗
0 constitute the blocks
for building configurations. As we remarked above, we do not need to worry about b˜P
for odd types. Thus, we list the above singularities types with their contributions to a˜P ,
borrowing the appropriate entries from Table 1.1 and Table A.2.
III IV I∗0 In
a˜P 1 2 ≥ 2 dn/2e
Now, since a˜Σ = 2, we must exclude In≥5, and the various possibilities compatible with
(1.14) are as follows.
configuration algebra
III, III su(2)⊕ su(2)
I2, III su(2)⊕ su(2)




I∗0 so(7) or g2
Note that we cannot assume that an I∗0 meeting a type III supports an so(8) algebra as
that would require all intersection points with the residual discriminant (even the ones
not near the current intersection) to have even multiplicity. And indeed, the analysis of
57
[31] shows that we can have at most so(7). To make this explicitly, let Σ′ = {σ = 0}
carry type I∗0, then
f = zσ2f0 , g = z
2σ3g0(σ) , (1.51)
where f0 is a non-zero constant and deg g0(σ) = 2B+1 such that g0(0) 6= 0. The residual












which is not a square in z and the algebra supported on Σ′ cannot be so(8). We conclude
that there is an algebra, namely so(7), that admits as a subalgebra every other entry in
the list and is the desired maximal global symmetry algebra in this case.
We now turn to the case m = 1. The local models for the intersections are the same
as above, here constrained instead by a˜Σ = 5. This leads to a larger set of possibilities
for the intersecting curves, which we do not reproduce here. The result is that there are
three different models that exhibit maximal global symmetry. Note than transverse In
curves must have monodromy to prevent a non-minimal point at the intersection. This
fact leads to smaller global symmetry maximums than were reported in [6], differing only
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0, I2 so(7)⊕ so(7)⊕ su(2)
I∗0, I6 so(7)⊕ sp(3)
I10 sp(5)
As before, we have indicated the monodromy choices in each case making the global
symmetry algebra relatively maximal and we used the fact that type I∗0 cannot support
an so(8) algebra. We notice that these algebras are all contained in the algebra so(20)
predicted from field theory.
1.3.4 Type IV
We now turn to the analysis of a Kodaira type IV curve along Σ = {z = 0} with
(a, b, d)Σ = (2 + A, 2, 4), for which the residual vanishings are given by (a˜, b˜, d˜)Σ =
(8−2m+Am, 12−4m, 24−8m). The possibilities for the self-intersection are m = 1, 2, 3.




is a square. If m = 3, the gauge algebra must be su(3), and there is no
matter (and hence no global symmetry).
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For m = 2, we have b˜Σ = 4. Let us start by listing configurations that satisfy (1.14).
These appear in the following table.
configuration algebra
I∗0 so(7) or g2
III, III su(2)⊕ su(2)
I3, I3 su(3)⊕ su(3)
IV, IV su(3)⊕ su(3)
IV, I3 su(3)⊕ su(3)
I4 sp(2)
Now we determine how monodromy imposes restrictions in each case.
• su(2). In this case, g˜∣∣
z=0
is not allowed to have all double roots. Therefore, we
discard the configurations for which each intersection yields an even value for b˜P .
All configurations in the list above except the first fall into this category. As in the
case of type III, the type I∗0 gives so(7) or g2. In fact, only g2 is possible in this case
as discussed in Section 1.3.8.
• su(3). In this case, g˜∣∣
z=0
is a square and hence all its roots are double roots. More-
over, Σ is not allowed to intersect Σ′ = {σ = 0} carrying type I∗0 since b˜P ≥ 3,
where P ≡ Σ ∩ Σ′, is increased at least to b˜P = 4. Thus, at P we are in the case
(1.10) and the intersection is non-minimal. The remaining configurations are in
principle allowed and yield su(3)⊕ su(3) and sp(2) as maximal global symmetries,
which indeed are both subalgebras of the algebra su(6) predicted from field theory.
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If m = 1, then b˜Σ = 8 and we list possible configurations giving a priori relatively










I∗0, IV, IV so(7)⊕ su(3)⊕2
I∗0, I5 so(7)⊕ sp(2)
IV, IV, IV, IV su(3)⊕4
IV, I6 su(3)⊕ sp(3)
I8 sp(4)
I4, IV, IV sp(2)⊕ su(3)⊕2
Again, we discuss the two monodromy cases separately.
• su(2). We start by showing that the configuration [I∗0, I∗0, IV] leads to a global
symmetry that is not larger than so(7) ⊕ so(7) ⊕ su(3). In fact, let {σ1 = 0},
{σ2 = 0} and {σ3 = 0} be the curves carrying Kodaira type IV and the two with











where g0 is a non-zero constant and deg f0(σ) = α and is such that f0(σi = 0) 6= 0
for i = 1, 2, 3. Looking at g/σ21|σ1=0, we see it is a perfect square in z, thus the
gauge algebra along the intersecting IV is indeed su(3) (this holds since the set-up
already fills out b˜Σ). Now, to determine the monodromy on the I
∗
0 curves, we look
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which is not a perfect square in z. Thus, the algebra cannot be so(8) for either
of the two curves carrying type I∗0. We are therefore restricted to at most so(7) ⊕
so(7) ⊕ su(3). This argument applies for any of our configurations that contains
type I∗0. As before, we discard configurations in which we must have g/z
2|z=0 a













I∗0, I5 g2 ⊕ sp(2)
I6 sp(3) ,
where we have used that the algebra along each I∗0 is reduced to g2 via an argument
from [16], as discussed in Section 1.3.8.
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The remaining configurations produce several relatively maximal global symmetry
algebras, namely
g2 ⊕ g2 ⊕ su(3)
g2 ⊕ sp(2)
sp(3) .
Note that these configurations differ from those reported in [6]. All are subalgebras
of the field theory global symmetry maximum given by so(20).
• su(3). Here we recall that a configuration containing type I∗0 is not allowed. There-
fore, we are left with the last four configurations of the list above, and all of these
lead to subalgebras of the field-theoretic prediction su(12).
1.3.5 Type I∗0
Let us turn our attention to Σ = {z = 0} carrying type I∗0 with Σ2 = −m and
(2 + A, 3 + B, 6)Σ, where A and B cannot be both nonzero. The residual vanishings on
Σ are (a˜, b˜, d˜)Σ = (8− 2m+Am, 12− 3m+Bm, 24− 6m). The local analysis derived in
appendix A.1 still applies, but it must be supplemented by a more careful treatment of
the global constraints to be imposed on the Weierstrass model. We are going to prove
some simple results about the global models involving intersections between type I∗0 and
various curves carrying type In, for some n. In particular, we look for upper bounds on
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n such that type In is allowed to intersect type I
∗
0, although locally the intersection is
consistent for any n as can be seen from Table A.2.
There are three possibilities for the gauge algebra on Kodaira type I∗0, determined by












If the monodromy cover is irreducible, the gauge algebra is g2; if it has two irreducible
components, we have so(7) and if it has three components, the gauge algebra is so(8).
Since the prediction from field theory as well as the results we find here differ for these
cases, we will treat them separately.
We are going to argue that one needs only to consider configurations of the form
C2n1,...,2nN ≡ [I2n1 , . . . , I2nN ]. (1.56)
Concerning type III and type IV, we recall from the previous section that type IV inter-
secting type I∗0 always has monodromy, i.e. it carries algebra su(2), so at least as far as
global symmetry is concerned, we can replace [. . . , IV, . . . , III, . . . ]→ [. . . , I2, . . . , I2, . . . ].
Moreover, both type III and type IV yield higher values for d˜P with respect to type I2,
resulting in stronger constraints on the remainder of the configuration. Finally, type In
intersecting type I∗0 always has monodromy as summarized in Table A.2. Thus, type
I2n and type I2n+1 contribute the same algebra summand, although the former yields a
64
smaller value for d˜P . Hence, in the remaining of this section we will restrict our attention
to configurations of the form C2n1,...,2nN as defined above.
This has a nice additional consequence; as can be seen from the type I∗0 entry in
Table A.1, the local models are highly constrained if either A or B are non-zero. Thus, we
conclude that the maximal global symmetry will be realized for configurations C2n1,...,2nN
for A = B = 0, as anticipated above.
Gauge algebra so(8)
Let us start by supposing that there is no monodromy on Σ, that is, type I∗0 on Σ
carries so(8) algebra. In this case the monodromy cover takes the form
(ψ − α)(ψ − β)(ψ − γ) , (1.57)
where α, β and γ are sections of −2KB − Σ and α + β + γ = 0. Let σ be a transverse
coordinate to Σ in some open set, then we can represent the quantities α, β and γ as
polynomials of an appropriate degree in σ. The degree is determined by how many times
the sections vanish (with multiplicity) on Σ. This means that they vanish exactly
(−2KB − Σ) · Σ = 4−m (1.58)
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= −(α− β)2(2α + β)2(α + 2β)2 . (1.59)
By construction, α − β, 2α + β, α + 2β are also sections of −2KB − Σ and in particular
they cannot coincide pairwise (otherwise the third vanishes identically, α = 0 or β = 0).
The maximal algebra will be achieved if we can tune the above sections such that each of
the factors of (1.59) has a (different) unique zero of multiplicity 4−m. If that were the
case, the configuration would therefore be C8−2m,8−2m,8−2m, yielding the global symmetry
algebra sp(4−m)⊕ sp(4−m)⊕ sp(4−m), which would match the predictions from field
theory.
This tuning is only possible when 4−m = 1 and cannot be carried out in the other
cases. To see this, consider two homogeneous polynomials of degree 4−m on CP1, each
with a zero of multiplicity 4 − m (representing two of the three factors appearing in
(1.59). Introducing an appropriate local coordinate t, we may assume that the zeros of
one polynomial are at t = 0 and those of the other polynomial are at t = 1. For the third
factor, then, we seek constants c0 and c1 such that
F (t) := c0t
4−m + c1(t− 1)4−m (1.60)
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has a zero of multiplicity 4 − m at some value of t other than 0 or 1. In particular, if
4 −m > 1, then (1.60) must have a multiple root so that F (t) and F ′(t) must share a
zero (other than t = 0 or t = 1). But since F (t) − t
4−mF
′(t) = −c1(t − 1)3−m, the only
possible location of a common zero is t = 1, contradicting our assumption that it could
be located at a third point. This shows that F (t) cannot have roots with multiplicity
higher than one; the 4 −m roots of F (t) of multiplicity one could in principle support
4−m curves of type I2.
The conclusion is that we can achieve sp(4−m)⊕ sp(4−m)⊕ sp(1)⊕(4−m) symmetry.
Gauge algebra so(7)
In this case, the monodromy cover (1.55) takes the form
(ψ − λ)(ψ2 + λψ + µ) , (1.61)
where λ is a section of −2KB−Σ and µ is a section of −4KB−2Σ. As before, we think of
them as polynomials of the appropriate degree in some transverse coordinate σ in some
open set of Σ, and their degrees are given by
deg λ = (−2KB − Σ) · Σ = 4−m , deg µ = (−4KB − 2Σ) · Σ = 8− 2m . (1.62)
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= − (λ2 − 4µ) (2λ2 − µ)2 , (1.63)
where ϕ ≡ λ2 − 4µ is not a square (otherwise the algebra is so(8)). We notice that by
construction ϕ and 2λ2−µ cannot have common zeros. It is possible that ϕ has a factor
that is a square, and we write ϕ = δγ2, where δ is not a square. In particular, this means
that deg δ cannot vanish. Note that for m = 3, necessarily γ ≡ 1. The degree read
deg(2λ2 − µ) = 8− 2m , 8− 2m = 2 deg γ + deg δ ≥ 2 deg γ + 2 . (1.64)
This means that (2λ2−µ)2 can support at most type I16−4m, while γ2 can support at most
type I6−2m. The maximal algebra will be achieved if we can tune the above sections as
described, yielding the configurations C16−4m,6−2m, with algebras sp(8−2m)⊕ sp(3−m).
These coincide with the predictions from field theory.
Gauge algebra g2
When Σ carries gauge algebra g2, the Tate form prescribes the divisibility conditions
u˜ ≡ u/z , v˜ ≡ v/z2 , w˜ ≡ w/z3 , (1.65)
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where (see appendix A.1)
f = −1
3





uv + w . (1.66)









= 4u˜3w˜ − u˜2v˜2 − 18u˜v˜w˜ + 4v˜3 + 27w˜2 . (1.67)
Let C2n1,...,2nN be a configuration of the type defined above, where Σi = {σi = 0} carries
type I2ni . If 2
∑
i ni = d˜Σ, then the residual discriminant must assume the form ∆˜ =
cσ2n11 · · · σ2nNN , where c is a constant. That is, ∆˜ is a square and the algebra along Σ





d˜Σ − 1 = 11− 3m . (1.68)
For each curve in C2n1,...,2nN (following our discussion in appendix A.1), we define the
quantities









We now show the following. Given Σ = {z = 0} carrying type I∗0 with gauge algebra
g2, any configuration C2n1,...,2nN is such that ni ≤ 10 + 3Σ2. This follows from the global
constraints on a˜Σ and b˜Σ and on the degrees of U, V,W . Let type I2n be supported
69
along Σ′ = {σ = 0} and be part of a configuration on type I∗0. First, we show that for
n > 10− 3m the following hold
deg V + n = 2 degU , degW + 2n = 3 degU . (1.70)
While this is trivial in the m = 1 and m = 2 cases, we need to be careful when m = 3.
In fact, let m = 3 and n = 2. Imposing






U2 + V σn
)
, (1.71)
it follows that either degU ≤ 1 and deg V = 0 or deg V = 2 degU − 2. The second
constraint












degW + 4 = 3 degU or degW + 4 = 2 + degU + deg V . (1.73)
The first possibility trivially leads to degU > 1. The second implies degU + deg V ≥ 2,
which again forces degU > 1 or deg V > 0. When n = 3 (the only other possibility for
m = 3), the claim is again trivial. Therefore, we verified that (1.70) hold in all cases of
interest for this lemma.
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Let m = 3. We need to show that type I4 is forbidden. This follows easily from the
above since for this curve, we have degU ≤ 1, but (1.70) forces degU ≥ 2.
Let m = 2. To show that type I10 is not allowed, we explicitly check that (1.71) and
(1.72) cannot be both satisfied. Here, we have degU ≤ 4 but (1.70) (for n = 5) fixes
degU = 4, deg V = 3 and degW = 2. We expand these quantities accordingly as




V = v0 + v1σ + v2σ
2 + v3σ
3 ,
W = w0 + w1σ + w2σ
2 , (1.74)




u3u4 , v3 =
1
3












and in order for (1.72) to hold, we must satisfy
u3(u1u3 − 2u4) = 0 , u2u23 + u24 = 0 , u33 + 6u2u3u4 + 3u1u24 = 0 . (1.76)
The only solution to the above system of equations is u3 = u4 = 0, which is unacceptable.
Thus, deg g|z=0 ≥ 7 contradicting (1.72).
If m = 1, we need to show that I16 is forbidden. It is possible to treat this case as well
as in the above, that is, by expanding U , V and W to the appropriate degrees and showing
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that deg f |z=0 = 6 and deg f |z=0 = 9 cannot both be satisfied. Since the procedure is
identical but the algebra is more involved, we do not report these calculations here. This
concludes the proof of the lemma.
We can generalize the lemma above in the following way. We want to show that a
configuration such that
∑
i ni = 11− 3m cannot be supported on type I∗0 with g2 gauge
algebra. Our argument goes as follows. Suppose
∑
i ni = 11 − 3m, then the residual
discriminant takes the following form
∆˜ = (σn11 · · ·σnNN )2F[2] , (1.77)
where F[2] can be represented as a polynomial of degree 2 in the local variable σ. If
(1.77) can be rewritten as (1.63), this means that the underlying gauge algebra must be
enhanced to at least so(7). This amounts to investigating whether we can find appropriate
sections α and β as in (1.62). As it happens, we can simply count parameters. In fact, for
a configuration C2n1,...,2nN the number of parameters that we need to completely specify
the form of (1.77) is N + 3, where the first summand corresponds to the locations of the
N transverse curves and the additional 3 parameters characterize the polynomial F[2].
We already see that the most constraining configurations will be the “longest”, that is
ni = 1 for each i = 1, . . . , N = 11− 3m. In particular, this means that in every case
#(∆˜) ≤ 11− 3m+ 3 = 14− 3m . (1.78)
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On the other hand, (1.62) implies that the numbers of parameters that specify the local
sections α and β are
#(α) = 4−m+ 1 , #(β) = 8− 2m+ 1 . (1.79)
Therefore, #(α) + #(β) ≥ #(∆˜) always holds. This gives us our final bound,
∑
i
ni ≤ 10− 3m , (1.80)
on allowed configurations. We emphasize the fact that we did not make any statements
regarding the realizability of these configurations; we only argued that if the configuration
can be consistently constructed, the algebra must be at least so(7) (this happens for
example in the case m = 3 with C2,2).
With these results at our disposal, we conclude that the maximal configurations will
be C20−6m, yielding the algebras sp(10−3m). These agree with the predictions from field
theory.
1.3.6 Type I∗n
In this section, we analyze configurations on a curve Σ = {z = 0} carrying type I∗n,
n ≥ 1, and (a˜, b˜, d˜)Σ = (8− 2m, 12− 3m, 24 + (n− 6)m), where Σ2 = −m. (Recall that
when n ≥ 4, we have m = 4 and for I∗3 with monodromy, we have m = 2 or m = 4.) From
Table A.3, we see that configurations involving curves carrying other than type II and
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type In′ are forbidden, and we discard the former since it does not contribute to the global
symmetry. The degrees of vanishing of f and g along Σ are 2 and 3 respectively. Thus
the results in appendix A.1 for type I∗0 (for A = B = 0) naturally extend here. Hence,
each curve In′ in the configuration has monodromy and the relevant configurations are
again C2n1,...,2nN with the associated algebras sp(n1)⊕ · · · ⊕ sp(nN).
The following result will uniquely determine the maximal length of the configuration:
Lemma 1.3.1. Let Σ′ = {σ = 0} be a curve carrying any Kodaira type and P ≡ Σ∩Σ′.
Then (a˜P , b˜P )Σ = (2k, 3k) for k = 0, 1, 2, . . . .
















where u1 is a locally defined function in a neighborhood of Σ. Let k be the degree σ
dividing u1. The result now follows from (1.13). In fact, we can say more; the roots of u1
cannot contribute to the 2n vanishings ∆̂ required from a transverse type I2n intersection
while maintaining non-minimality. The argument here is more involved. The case of
an I2 intersection with I
∗
1 can be treated without much machinery and makes plain the
underlying behavior: non-minimality is induced when requiring roots of u1 to carry the
vanishings of ∆̂.
We proceed now with separate treatment for the cases with different values of n.
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n < 4 odd





= 4u31w2i+2 , (1.82)
where n = 2i− 1. From Appendix A.1 and result 1.3.1, we have σ2n11 · · · σ2nNN |w2i+2. It is
then convenient to define the local function φ such that
w2i+2 ≡ φσ2n11 · · ·σ2nNN . (1.83)




ni = 3 deg u1 + deg φ . (1.84)
As noted above, deg u1 = a˜Σ/2, and the monodromy on type I
∗
n for n odd is determined
by whether w2n+2 has a square root. This means that deg φ must be even for the case
without monodromy (indicated by the superscript “s”), while necessarily deg φ > 0 for
the case with monodromy (indicated by the superscript “ns”). In order to impose the
least constraint on
∑
i ni, we set deg φ = 0 for I
∗s
n and deg φ = 2 for I
∗ns
n . For n = 1, we
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have the following table:
m d˜Σ deg u1 (
∑
i ni)




1 19 3 5 sp(5) 4 sp(4)
2 14 2 4 sp(4) 3 sp(3)
3 9 1 3 sp(3) 2 sp(2)
4 4 0 2 sp(2) 1 sp(1)
(1.85)
From Table 1.5, we read off the algebras predicted from field theory: sp(6−m)⊕su(4−m)
and sp(5−m)⊕ sp(4−m) for the two monodromy cases. We have just determined that
our configurations yield algebras that are contained in the first summands.
For n = 3, the analysis is even simpler, as d˜Σ − 3 deg u1 = 12 for any value of m.
Therefore, maximal configurations yield sp(6) in the case without monodromy and sp(5)
in the case with monodromy. The prediction from field theory is sp(6) for the former
case and sp(9−m)⊕ so(2− 1
2
m) for the latter (with m = 2 or m = 4).
n = 2






= u21(4u1w5 − v23) . (1.86)
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Considering again a configuration of the form C2n1,...,2nN , we define
(4u1w5 − v23) ≡ φσ2n11 · · · σ2nNN , (1.87)




ni = 2 deg u1 + deg φ . (1.88)
The monodromy condition is determined by whether (4u1w7 − v23) admits a square root,
and we rephrase this in terms of a (minimal) constraint on the degree of φ: deg φ = 0 for
I∗s2 and deg φ = 2 for I
∗ns
2 . The collect these results in the following table.
m d˜Σ deg u1 (
∑
i ni)




1 20 3 7 sp(7) 6 sp(6)
2 16 2 6 sp(6) 5 sp(5)
3 12 1 5 sp(5) 4 sp(4)
4 8 0 4 sp(4) 3 sp(3)
(1.89)




As before, there are two monodromy cases here, yielding gauge algebras so(2n+7) for
I∗nsn and so(2n+ 8) for I
∗s
n . The corresponding predictions from Table 1.5 are sp(2n− 1)
and sp(2n), respectively.




ni = d˜Σ − deg φ = 4n− deg φ , (1.90)
where φ is defined as in (1.83) for the odd case or as in (1.87) in the even case. With
monodromy, we have also deg φ > 0 and the maximal configuration is given by CdΣ−2,
yielding global symmetry algebra sp(2n− 1); in the case without monodromy, we again
set deg φ = 0 as above and obtain CdΣ as the maximal configuration with sp(2n) as global
symmetry. These both agree with the field theory predictions.
1.3.7 Type IV∗, III∗ and II∗
Here the situation is quite simple. These Kodaira types are not allowed to intersect
any of the singularity types yielding a non-vanishing gauge algebra. Therefore, there is
no global symmetry coming from F-theory. In particular, this result matches with the
field theory prediction for type II∗, for which no matter content is available.
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1.3.8 Further constraints
The global symmetry constraints for a few cases treated in [6] can be tightened with a
pair of observations used above which we now single out for clairty. The resulting flavor
symmetry maxima reductions from those in [6] appear in Table 1.6 indicated with a ‘†’
symbol.
sp(3) and so(7) summands for IVns
No so(7) flavor symmetry summands are allowed for a type IVns curve, as originally
shown in Appendix E.3.1 of [16]. The argument given there forbids type IV curves from
meeting semi-split I∗0 curves, and all details go through for arbitrary values of A,B along
the I∗0. Hence so(7) global symmetry summands for type IV curves are reduced to g2
summands. This affects results for both the m = 1, 2 cases for IV. Furthermore, an sp(3)
summand does not lie in g2 (nor so(7)) and hence such a global symmetry summand
appears (alone) as one of the maximal configurations.
In for n ≥ 5 meeting III must have monodromy
When n ≥ 5, In curves with a type III intersection must be non-split, as indicated in
Table A.2. This implies that the global symmetries for type III curves are reduced from
the summaries appearing in [6].
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Chapter 2
Classifying global symmetries of all
6D SCFTs
Here we turn our attention to the general problem: classifying the global symmetries
of an arbitrary 6D SCFT. We derive a series of constraints on elliptic fibrations corre-
sponding to SCFTs and employ these to provide an algorithm with implementation in a
computer algebra system to carry out the calculation of global symmetry algebras for any
6D SCFT. The results of global symmetry calculations are carried out for the majority
of links (including all 0-links and all trivalent 1-links) and presented in Appendix D, thus
identifying the flavor symmetries of 6D SCFTs more generally via the SCFT classifica-
tion scheme reviewed in the previous chapter. A surprising side-effect of machinery we
develop results: the geometric constraints we uncover more than suffice to match the
gauge enhancement structure for all links and hence all 6D SCFTs appearing in [16], the
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latter relying heavily on anomaly cancellation machinery. The global symmetries we find
reveal a distinguished subclass of complex threefolds in correspondence with field the-
ory and shed further light on the geometry to field theory “dictionary.” We also present
a novel simplifying identity for continued fraction values determining the discrete U(2)
subgroup action for SCFT endpoints.
2.1 Overview
We present a series of results enabling our main calculation to proceed via computer
algebra system. These fall into three categories. First, we determine which pairs of curves
with specified Kodaira types are permitted to intersect without introducing such severe
singularities that Calabi-Yau resolution of our fibration would be prevented. This entails
generalizing the analysis from [6] which appeared in the previous chapter. A second
category consists of computations to determine the minimal intersection contributions
from permitted intersections. Finally, we derive a handful of results concerning trios of
curves which enable us to reach our conclusions without invoking anomaly cancellation
techniques, instead finding all of our restrictions via geometry of the elliptic fibrations in
correspondence with 6D SCFTs.
While the restrictions and contribution data found in the previous chapter play a
key role here, our route is complicated by a pair of issues we summarize briefly. There,
the discriminant locus consists of a single compact curve C. Determining the global
symmetry algebras which can be realized in F-theory there is treated via consideration of
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non-compact curve collections, {Ci}, each transverse to C and carrying non-abelian gauge
algebra which lead to the (relatively) maximal global symmetry algebras as we contract
C. The relevant local analysis for transverse curve pair intersections involve only those
intersections with one curve compact while the other is non-compact and supports a
non-abelian gauge algebra. Any configurations containing transverse curves which result
in ‘small’ global symmetry algebras previously could safely be deemed irrelevant.
The method we pursue in this chapter to generalize our earlier approach now requires
an understanding of local models including intersection contribution data for nearly all
permissible pair intersections involving a compact curve, both for non-compact and com-
pact transverse curves, the exceptions being cases of gaugeless non-compact transverse
curves and compact curve pair intersections with self-intersections failing to meet the
positive-definite intersection matrix condition. To classify global symmetries for all 6D
SCFTs realizable in F-theory, we might proceed via analysis of all possible transverse
curve collections containing up to three compact curves, with the others non-compact
and carrying potentially maximal gauge algebra sums for the given choice of compact
curves. For the analysis of linear quiver theories (i.e. those with the compact curves
forming a linear chain), we have at most two transverse compact curves in each collec-
tion (corresponding to the neighboring curves in the quiver). One might hope that this
would suffice to fully constrain the global symmetries available on a quiver, but we find
a few subtleties are missed with such an approach.
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Consider a quiver {Σj| j ∈ J} with collections of non-compact curves {Σj,i| i ∈
I}, transverse to Σj. Choosing collections {Σj,i} which are permitted to intersect Σj
even in the presence of neighboring curves Σj−1,Σj+1 does not guarantee the resulting
configuration is permitted (since for example the minimal contributions from Σj+1 to Σj in
certain cases depend on the curves meeting Σj+1). In effect, constraints are instead global
in the quiver as they involve all curves transverse to the neighboring curves Σj±1 (thus
making possible the propagation of constraints along a quiver). Somewhat surprisingly,
however, the global symmetry maxima we find for each Kodaira type specification on
each quiver we have surveyed (though having potentially varying values of A,B in our
symmetry tables) are not more constrained than the set of relatively maximal direct sums
of the relatively maximal global symmetry summand algebras arising from each curve of
the quiver.
Note that the geometric constraints on a quiver required to permit a specified enhance-
ment are themselves nonlocal in quiver position since the minimum orders of vanishing
of f, g to allow a type assignment on a quiver are in some cases necessarily higher than
the minimums needed to specify a Kodaira type for a bare curve. This leads to only
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a very limited constraint propagation and does not appear to be reflected in the global
symmetries themselves in the sense noted above.1,2
Provided we instead consider all possible Kodaira type assignments for a given quiver
resulting in a specified gauge algebra, we instead find a wide variety of cases forbidding
curve-by-curve maxima to simultaneously arise as total global symmetry summands.3
For instance, every Kodaira type assignment permitting an su(2)⊕ e6 gauge enhance-
ment of the base 2215 is shown in Table 2.1. While we can realize a g2 global symmetry
summand from the left-most −2 curve and an su(3) global symmetry contribution from
the −1 curve, these options are mutually exclusive, i.e. all global symmetry algebras for
an su(2)⊕ e6 gauge theory realizable in F-theory via this quiver are strictly smaller than
su(3)⊕ g2.
As with 1D Coulomb branch, we often find multiple relatively maximal global sym-
metry algebras even for a fixed Kodaira type assignment along a quiver. A key question
here is whether F-theory models with distinct global symmetry maxima sharing isomor-
1Note that in our tables, distinct fibrations having differing orders of f, g,∆ are in some cases being
compared provided they have the same Kodaira types on the codimension-one singularities in the base.
While we track the data to determine minimums for singularity types of the codimension-two singularities
and before final comparisons are made, our algorithm distinguishes between theories differing in the
A,B assignments affecting codimension-two singularities, these distinctions are discarded to simplify
presentation of our results in table format. In other words, we make comparisons for all fibrations with
common Kodaira type assignments at codimension-one.
2One potential extension of the present work would entail a check of the codimension two singularities
in relation to global symmetries which may arise. We hope that our approach in tracking the relevant
geometries at the level of precision of orders of f, g,∆ along each curve may help with such codimension-
two singularity related investigations.
3Another related line of inquiry one might pursue involves consideration of all bases with a specified
gauge algebra and fixed U(2) subgroup. Though we comment on such a setup shortly, we do not carry
out a systematic investigation the analog of this summand exclusivity phenomenon there.
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2 2 1 5 GS Total:
(III,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
A1 0 A1 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
g2 0 A1 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗s,e6)
A2 0 A2 0 A
2
2
(su(2)) (n0) (n0) (e6)
A2 0 A2 0 A
2
2
g2 0 A1 0 A1 ⊕ g2
(II,n0) (III,su(2)) (I0,n0) (IV
∗s,e6)




0 g2 0 0 g2
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗s,e6)
0 A2 0 0 A2
(n0) (su(2)) (n0) (e6)
0 g2 0 0 g2
Table 2.1: All global symmetry maxima for 2215 with gauge algebra su(2)⊕ e6 along with each
possible Kodaira type assignment to the quiver realizing this gauge algebra and the corresponding
F-theory global symmetry maxima for the given Kodaira type assignment.
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phic gauge algebras correspond to distinguished SCFTs, i.e. are there terms under which
the global symmetries of F-theory models provide SCFT invariants?
Ignoring the question of which differences in global symmetries disappear under renor-
malization, we can discuss whether it suffices to specify gauge and global symmetries to
determine an SCFT uniquely, and if not, precisely which geometric data are also required.
First observe that U(2) subgroup data is not captured by this data since for example
the f4 theories on both −3 and −4 curve have trivial F-theory global symmetry algebra
but distinct U(2) subgroup. We will not provide a complete answer; we instead hope to
clarify the issues at hand by providing a few comments concerning the reverse direction
of the field theory/geometry correspondence motivated by an example illustrating that
much (but not all) of the geometric information of our fibration can be reconstructed from
CFT symmetry data (even sans accompanying representation theoretic information).
Consider an e6 gauge theory. There are several bases permitting total gauge alge-
bra ggauge ∼= e6 including the bases 1,2,21,3,31,131,4,41,141,5,51,151,512,1512. We can-
not determine even the number of curves in the base from ggauge. When also given the
global symmetry algebra, gglobal, of our SCFT, we can say more. Consider the case that
gglobal ∼= su(3). We can infer that the base contains at least two curves since every single
component discriminant locus theory with e6 gauge algebra has trivial F-theory global
symmetry as we can confirm via Table 1.7. Furthermore, we can easily eliminate the
bases 131, 141, 151, 1512 since their global symmetries are too large. It then becomes
necessary to specify U(2) subgroup data to distinguish between the bases 51,512, and
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others. Consider the relevant geometries corresponding to enhancements of the quiv-
ers 51, 512. There are very few e6 gauge compatible Kodaira type assignments for these
quivers, all of which appear in Tables 2.2 and 2.3.















Table 2.2: All gauge and global symmetry options for 51 with each possible Kodaira type
specification realizing a given gauge theory.
The e6 compatible geometries supported on 51, 512 are determined up to Kodaira type
from the global symmetry data provided we fix the quiver. Note that the U(2) subgroup
data, a property of the field theory, distinguishes between these bases and gglobal further
specifies the geometry in each case uniquely from field theory data.
This suggests provision of a field theory to geometry “dictionary” in terms of allowable
fibrations compatible with field theory data encapsulated in the triple, (Γ, ggauge, gglobal),
where Γ is the discrete U(2) subgroup associated to our SCFT. As discussed in [16], Γ
determines uniquely a quiver which is the minimal blowup of the associated endpoint
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5 1 2 GS Total:
(IV∗s,e6) (I0,n0) (I0,n0)
0 A2 0 A2
(IV∗s,e6) (I0,n0) (II,n0)




0 A2 A1 A1 ⊕ A2
(e6) (n0) (n0)
0 A2 A1 A1 ⊕ A2
Table 2.3: All globlal symmetry maxima for 512 with gauge algebra e6 and each Kodaira type choice
realizing this gauge algebra shown.
permitting a designated enhancement determined by ggauge. The data gglobal in our ex-
ample necessitates further blowups to reach a compatible base, for example pushing us
from a base with a single −4 curve to 51 or, with a different Γ, from −3 to 512. This
triple of field theory data thus potentially gives a means to characterize from field theory
the broader collection of geometries in correspondence with CFTs.
Let us pursue this correspondence in our example further by fixing Γ which pairs
with the endpoint −3. Since ggauge has only one summand, there can be only one curve
in any compatible base with self-intersection −3 or below since these minimally support
a non-abelian gauge summand. All curves must have 1 ≤ m ≤ 6 since −7 curves and
below minimally support an e7 or e8 gauge algebra. For the base −3, we have gglobal = 0,
and this is the only such base. The remaining bases with shared endpoint which can
match ggauge have self-intersection string α with
α ∈ {41, 151, 512, 1612, 1161}.
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For 41, we have a unique gglobal ∼= su(3). From the data above for 51, we can deduce that
when α given by 151, the unique gglobal ∼= su(3)⊕2. For the only trivalent option, this
becomes su(3)⊕3 (noting Table 2.4). For 1612, the global symmetry options match those
from 512 with an additional su(3) summand coming from the left-most −1 curve. To
simplify the correspondence, let us consider only the geometries leading to the maximal
gglobal on each quiver. This gives for 512, gglobal ∼= su(2) ⊕ su(3) and for 1612, gglobal ∼=
su(2)⊕su(3)⊕2. To summarize, in each case we have uniquely identified a geometry given
the data (ggauge, gglobal,Γ).
As a side-effect of this approach, we single out certain “special” geometries leading
to the relatively maximal global symmetries we can associate to a CFT. Calling this
collection of varieties Mgglobal , we have shown that in our example we have a one-to-one
map from gglobal to Mgglobal given by inverting the map
Mgglobal |(ggauge=e6,Γ−3) 7→ (e6, gglobal,Γ−3)
from bases with enhancements specified up to Kodaira type to their relatively maximal
global symmetries. The generalization of this statement to all 6D SCFTs is nontrivial.
Among the main subtleties are the presence of multiple relative maxima for gglobal. Note
that there a corresponding analog of this distinguished class of threefolds in the moduli
space of compact Calabi-Yau threefolds upon consideration of a compact base giving
an F-theory model coupled to gravity wherein the global symmetries we describe are
promoted to gauge symmetries when possible that the non-compact fibers giving global
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symmetry summands can be assigned negative self-intersection values without leading to
inconsistencies.
These distinguished threefolds in contact with F-theory models are remarkably sparse
in Calabi-Yau moduli space. A canonical example concerns a −1 curve with type I0. Its
e8 global symmetry arising from a single transverse type II
∗ curve corresponds to the
a distinguished geometry among the many others appearing as “Persson’s list” entries.
Enhancing a −1 curve to reach Kodaira type Insn for n odd makes the number of transverse
configurations grow exponentially with n while only n+3
2
geometries are in correspondence
with the global symmetry maxima given in Table 1.6. Moreover, this sparsity is not
limited to bases containing only a single compact curve. For example, there are infinitely
many minimally enhanced bases with outer links permitting an e8⊕ e8 global symmetry.
For each, we have a variety with that flavor symmetry arising in the singular limit which
is distinguished from the associated varieties leading to any of the 6757 isomorphism
classes of proper e8 ⊕ e8 subalgebras.





Table 2.4: All gauge and global symmetry options for 61 with each possible Kodaira type
specification realizing a given gauge theory.
In the remainder of this chapter, we focus our attention on geometric details deter-
mining the relevant restrictions enabling algorithmic deduction of CFT global symmetry
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(relative) maxima. Note that tracking the additional vanishings allowed for a given Ko-
daira type (i.e. A,B) becomes crucial to our study in contrast with the cases treated
in Chapter 1. There the absence of neighboring compact curves allowed these to be
disregarded during the relevant computations of [6] as discussed in Appendix A.
2.2 Preliminaries
In the following sections, we let Σ be a curve at {z = 0} with −Σ · Σ = m, having
transverse intersections with curves Σ′j located at {σj = 0}. Let the orders of vanishing







2.3 Restriction involving type II curves
We introduce further constraints on collisions involving a Kodaira type II curve in 2.7
for cases involving an I∗n curve. Here we focus on the remaining non-trivial cases, those
involving an In curve. Such collisions were studied at length in [24] when the In curve
is non-compact and A = 0 along the type II curve. The tight restrictions we find in
sections 2.4,2.5 for type III and IV curves have only weaker analogues here. Underlying
this distinction is that we are farther from non-minimality in II,In collisions and that as a
consequence we are required to consider intersections where the most general form for the
relevant local models of type In curves is unknown as these include the cases 7 ≤ n ≤ 9.
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We now proceed to make mild generalizations of the intersection contribution data
first appearing in [24] that are required in the present work. Part of our work is dispatched
by reading from Table A.1 taken from [6] which states that A ≥ 3 is not possible for
intersections with In curves having n ≥ 4, a bound we revise here since this only holds
for non-compact In curves. The A = 0 results can be read directly from the contribution
tables of [24]; in one case we find a small correction. This leaves us to determine the
relevant contributions from compact In curves for all n, and non-compact curves only
for n ≤ 4. Since type II curves do not carry a non-abelian gauge algebra, we can safely
ignore collisions of compact In curves with non-compact type II curves.
We collect intersection contributions for the remaining cases in Table 2.5. The ‘!’
symbol there indicates disagreement with [24]. Entries marked with ‘†’ are not permitted
via the inductive form in (A.25). The ‘∗’ symbol indicates the contributions are only valid
for a non-compact In curve, ‘X.’ that the intersection is valid only for non-compact In
curve, and ‘X..’ that the intersection exceeds numbers of vanishings available for a type
II curve even with m = 1. Entries to the right of those indicated with an ‘X’, ‘X.’, ‘X..’
are similarly forbidden.
2.4 Restrictions involving type III curves
Let Σ be a curve with Kodaira type III and orders of vanishing (a, b, 3) = (1, 2 + B, 3).
Suppose that Σ′ has orders of vanishing (a′, b′, d′). Note Σ has odd type, making d˜ con-










A = a− 1
0 1 2 3 · · · · · · a− 1
2 (1, 2, 4) · · · (a mod 2, 2, 4)(X. if A ≥ 4) · · ·
3ns (1, 2, 4) (0, 3, 6) (1, 3, 6)
∗X. · · · (a mod 2, 3, 6)∗X. · · ·
3s (2, 3, 6) (2, 3, 6) (2, 3, 6) · · · (2(1− δ4,a), 3, 6)(X. if A ≥ 4)∗ · · ·
4ns (2, 4, 8) (0, 4, 8) (2, 4, 8)
∗X. · · · (2(a mod 2), 4, 8)∗X. · · ·
4s (2, 4, 8)
! (2, 4, 8) · · · (2(1− δa,4), 4, 8)(X. if A ≥ 4)∗ · · ·
5ns (2, 4, 8) (0, 5, 10), (2, 4, 8)
∗ (1, 4, 8)∗ · · · (2, 4, 8)∗X.· · ·
(≥ 5)s X
6ns (2, 4, 8) (0, 6, 12), (2, 4, 8)
∗ · · · (2, 4, 8)∗X.· · ·
7ns (≤ 3,≤ 6,≤ 12) X..†
8ns (≤ 4,≤ 8,≤ 16)†X..†
9ns (≤ 4,≤ 8,≤ 16)†X..†
(n ≥ 10)ns (bn2 c, 2bn2 c, 4bn2 c)X..
Table 2.5: Intersection contributions to type II curve from a (non-compact∗) In curve.
concern transverse curves with type In or I
∗
n. The latter are restricted for n ≥ 1 due
to non-minimality. We treat intersections with I∗0 curves in section 2.6, focusing here on
treating Σ′ with type In in each case relevant to global symmetry computation, namely
those involving at least one compact curve.
2.4.1 III, In intersections
Type III with B ≥ 0 intersection with a non-compact type In curve
We now extend the contribution data for cases with B = 0 analyzed in [6] to those
with B > 0. Reading from Tables A.1,A.2 of [6], we find values for the local intersec-
tion contributions to a III with B = 0 and that the restriction that B ≥ 2 requires
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n ≤ 3 for non-minimality. We make a correction to this bound; the revisions appear
in the appendices as Tables A.1,A.2. First, we collect the results of contributions for
intersections analyzed [6] and the remaining B > 0 cases of contributions to a type III
with m = 1, 2 from a non-compact transverse In curve in Table 2.6. Note that in the
cases with n ≥ 7, we compute contributions working from the inductive Tate forms for
In curves from (A.25)-(A.28) that are potentially not the most general when 7 ≤ n ≤ 9.
Here Σ has residuals given by (5, 8 +B, 15) for m = 1 and (2, 4 + 2B, 6) when m = 2.
In Table 2.6, entries indicated with ‘∗’ are only valid for non-compact In curves and
those with ‘†’ are permitted only for In non-compact. Those entries with ‘!’ correct Table
A.2 of [6]. The symbol ‘X’ indicates a non-minimal intersection and entries to the right
of an ‘X’ are also non-minimal. For m = 2, those entries with any contribution exceeding









0 1 2 3 . . . b− 2
2ns (1, 1, 3) (1, 0, 3) (1, 1, 3) . . . . . . (1, b mod 3, 3)
3ns (2, 2, 6) (3, 0, 9)1, (2, 2, 6)
∗ (2, 2, 6)∗ (2, 2, 6)† . . . (2, 2, 6)†
3s (2, 2, 6) (2, 2, 6) (2, 2, 6)
† . . . . . . (2, 2, 6)†
4ns (2, 2, 6)
! (3, 0, 9)1 , (2, 2, 6)
∗ (2, 2, 6)† . . . . . . (2, 2, 6)†
4s (2, 3, 6) (2, 3, 6) (2, 3, 6)
† . . . . . . (2, 3, 6)†
5ns (3, 3, 9)1 (3, 0, 9)1 X
(≥ 5)s X
6ns (3, 3, 9)1 (5, 0, 15)1 X
(10 ≥ n ≥ 7)ns (dn2 e, dn2 e, 3dn2 e)1 X X
(≥ 11)ns X
Table 2.6: Intersection contributions to III from a (non-compact) In curve.
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Type III with B ≥ 0 and m = 2 intersection with a compact In curve with
m = 1.
The only case of interest for III,In intersections with In compact arising in F-theory
quivers involve a type III curve with m = 2 since two −1 curves do not intersect in any
valid base and m′ = 2 on Σ′ with type In has (a˜, b˜) = (0, 0), thus preventing intersection
with any type III curve. We collect the contributions for valid intersections in Table 2.7.
For large n, it will be helpful in making our table succinct to define
q(n) =

4 if n is even
5 if n is odd.
(2.1)
The table entries indicate the minimal intersection contributions to/from a Σ, a (compact
unless marked with ‘X’) type III curve having orders (1, b, 3) = (1, 2 +B, 3) with m = 2
transversely intersecting Σ′, a compact In curve with m′ = 1. Note the residuals on
a (compact) type III curve with m = 2 are (2, 4 + 2B, 6). Here, ‘X’/‘X.’ indicate an
intersection forbidden by the number of allowed vanishings along Σ/Σ′, respectively, and
‘−’ a non-minimal intersection. Entries to the right of an ‘−’, ‘X’, or ‘X.’ are similarly










0 1 2 3 4 ≥ 5
1 (1, 1, 3)/(2, 3, 5) (1, 0, 3)/(2, 3, 5) . . . (1, b mod 3, 3)/
(
2d b3e, 3d b3e, 4d b3e+ 1
)
. . . X.
2 (1, 1, 3)/(2, 3, 4) (1, 0, 3)/(4, 6, 6), (2, 1, 6)/(4, 6, 8) (2, 1, 6)/(4, 6, 9) (2, 0, 6)/(4, 6, 9) X.
(2, 0, 6)/(2, 3, 5)
3ns (2, 2, 6)/(2, 3, 5) X/(2, 3, 5) X/X.
3s (2, 2, 6)/(4, 6, 6) (2, 2, 6)/(4, 6, 7) −
4ns (2, 2, 6)/(2, 3, 4) X/(2, 3, 5) X/X.
4s (2, 3, 6)/(4, 6, 6) (2, 2, 6)/(4, 6, 6) −
5ns X/(2, 3, 5) X/(2, 3, 5) X/X.
(≥ 5)s −
6ns X/(2, 3, 4) X/(2, 3, 5) X/X.
(≥ 7)ns X/(2, 3, q(n)) X/(2, 3, 5) X/X.
Table 2.7: Intersection contributions for (compact m = 2) type III, compact type In intersections.
Intersection contribution to a compact In curve with m = 1 from a non-
compact III with B ≥ 0.
The remaining intersections of interest between type III and type In curves concern
contributions to an In curve from a type III curve giving a global symmetry summand.
The relevant contributions to the type In curves here are also given in Table 2.7, marked
with an ‘X’ when we require the non-compactness (or m = 1 if we are not concerned with
constructing an F-theory SCFT base but rather an F-theory base with gravity coupled)
along the type III condition to hold.
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2.5 Restrictions involving type IV curves
Here we collect information about monodromy rules for type IV curves and intersec-
tion contributions involving transverse curves. The only subtle cases involve type In and
I∗0 curves since I
∗
n intersections with n > 0 results in non-minimality.
2.5.1 Preliminaries
Let Σ be a curve with type IV. Orders of vanishing are then given by (a, b, 4) =
(2 +A, 2, 4). Note that Σ has even type. Reading from 1.2, we see the monodromy along
Σ is determined by whether g
z2
|Σ is a square; the larger gauge algebra, su(3), occurs if so.
2.5.2 Intersections of IV with In curves
IV with A ≥ 0 meeting In curves for global symmetry or quiver intersections
This case is detailed in [6] when the transverse curves are non-compact. From Ta-
ble 1.6, we have that transverse In curves carry at most sp(4) symmetry. Table A.2
gives the local intersection contributions to a IV with A = 0. Note that as indicated in
Table A.1, n ≤ 3 is required when A > 0 for non-minimality. We collect the results of
contributions to (and from when applicable) a type IV curve intersecting a type In curve










1ns (1, 2, 4)//(4, 6, 8) -/(1, 3, 6) (1, 3, 6)/(1, 2, 4)//(4, 6, 8)
1s (1, 2, 4)//(4, 6, 8) -/(1, 3, 6)
∗ (1, 3, 6)∗/(1, 2, 4)//(4, 6, 8)∗
2ns (0, 2, 4)//(4, 6, 8) -/(0, 3, 6), (1, 2, 4) (0, 3, 6)/(1, 2, 4)//(4, 6, 8)
2s (0, 2, 4)//(4, 6, 8) -/(0, 3, 6)
∗, (1, 2, 4) (0, 3, 6)∗/(1, 2, 4)//(4, 6, 8)∗
A ≥ 3ns, 2 +A ∈ 4Z -/ (0, 2, 4) -/(0, 3, 6)/(1, 2, 4) -/(0, 3, 6), (1, 2, 4)
A ≥ 3ns, 2 +A ∈ 2Z \ 4Z -/ (0, 2, 4) -/(0, 3, 6), (1, 2, 4) -/(1, 3, 6), (1, 2, 4)
A ≥ 3ns, A /∈ 2Z -/ (1, 2, 4) -/(1, 3, 6) -/(1, 3, 6), (1, 2, 4)
A ≥ 3s, 2 +A ∈ 4Z -/ (0, 2, 4) -/(0, 3, 6)∗/(1, 2, 4) -/(0, 3, 6)∗, (1, 2, 4)
A ≥ 3s, 2 +A ∈ 2Z \ 4Z -/ (0, 2, 4) -/(0, 3, 6)∗/(1, 2, 4) -/(1, 3, 6)∗, (1, 2, 4)
A ≥ 3s, A /∈ 2Z -/ (1, 2, 4) -/(1, 3, 6)∗ -/(1, 3, 6)∗, (1, 2, 4)
Table 2.8: Intersection contributions to a (compact) IVns/s with A > 0 from//to a transverse
compact/non-compact In curve (with ‘to contributions’ only when compact). An ‘X’ indicates the
intersection is forbidden by non-minimality considerations and a ‘-’ an intersection forbidden by
residuals considerations. Here (∗) indicates an intersection allowed only when m = 1 on IV via










2ns (0, 2, 4) (0, 2, 4)
3ns (0, 3, 6), (1, 2, 4) (0, 3, 6)
∗, (1, 2, 4)
3s (1, 3, 6), (1, 2, 4) (1, 3, 6)
∗, (1, 2, 4)
≥ 4s X X
4ns (0, 4, 8) (0, 4, 8)
∗











≥ 9ns - -
Table 2.9: Intersection contributions to IVns/s with A = 0 from a transverse non-compact In curve.
An X indicates the intersection is forbidden by minimality considerations. Here (∗) indicates a
permitted intersection only when IV has m = 1, and (-) an intersection b˜ on IV forbids in all cases.
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2.6 Restrictions involving type I∗0 curves
Here we compile information about monodromy rules for I∗0 curves and intersection
contributions to residuals counts involving transverse curves from an I∗0 curve.
2.6.1 Preliminaries
Let Σ = {σ = 0} be a curve with type I∗0 and orders of vanishing (a, b, 6) = (2 +
A, 3 + B, 6). Suppose that Σ′ = {z = 0} is a transverse curve with orders of vanishing
(a′, b′, d′). Recall that we refer to the cases with 2b′ = 3a′ as ‘hybrid type’, those with
2b′ > 3a′ as ‘odd type’ and those with 2b′ < 3a′ as ‘even type’. The contributions to
residual vanishings of ∆ along Σ′ from intersection with the transverse curve Σ are given
by 3a˜ and 2b˜ in the odd and even type cases, respectively, where a˜ and b˜ are the residuals
contributions to Σ′ from a curve Σ for vanishings of f, g, respectively.
The monodromy along Σ is determined by whether Q(ψ) = ψ3 + (f/σ2)|{σ=0}ψ +
(g/σ3)|{σ=0} is fully split (giving algebra so(8)), partially split (giving algebra so(7)), or
irreducible (giving gauge algebra g2).
Gauge algebra g2:
Here we can write the monodromy cover as Q = ψ3 + pψ + q, with Q irreducible.
A > 0 :
In this case, Q becomes ψ3 + q with irreducibility implying that q is not a cube;
otherwise, we could factor Q as (ψ−α)(ψ2+αψ+α2) with q = −α3. Since q = (g/σ3)|σ=0,
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we conclude that Σ cannot have intersections with curves Σ′j with types (−, 3b′j,−) using
all available g residuals along Σ. Said differently, g = σ3(νφ3 + g4σ
4 + O(σ5)) with ν
cube-free and deg(ν) > 0.
B > 0 :
Here Q = ψ(ψ2+p), and since this is not an irreducible cubic, this case is not possible.
Gauge algebra so(7):
Since the cover is split in this case, Q = (ψ − α)(ψ2 + rψ + s). Since the ψ2 term
vanishes, we have α = r and
Q = ψ3 + (s− α2)ψ − sα.
A > 0 :
Here we have s = α2, and hence Q = ψ3 − α3. This means that Q is fully split since
ψ2 + rψ+ s = ψ2 +αψ+α2, which has discriminant α2− 4α2 = −3α2, which indeed has
a square root. We conclude this case is prohibited.
B > 0 :
In this case, Q = ψ(ψ2 + s), and that this is not fully split implies s = (f/σ2)|σ=0 is
not a square. Hence, Σ cannot have intersections with curves of types (2a′j,−,−) using
all f residuals along Σ and in fact we have a slightly stronger conclusion that this curve
cannot receive purely even f intersection contributions using all f residuals available.
Said another way, f = σ2(µφ2 + f3σ + O(σ
2)) with µ square-free and deg(µ) > 0.
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When m = 3, a˜ = 2, but the form of f clearly bars even contributions to a˜ since
deg(µ) > 0. Hence, intersection with a type II curve with orders (2, 1, 2) is prohibited as
are intersections with an I0 with orders (2, 0, 0).
Gauge algebra so(8):
The monodromy cover is fully split here and appears as (ψ − α)(ψ − β)(ψ − γ). To
have the ψ2 term vanish we have
Q = ψ3 + (−β2 − α2 − αβ)ψ − αβ(α + β).
Now we note that for m = 4, we have that for either A,B > 0 this is the only possible
gauge algebra. For A > 0,m = 4, we have b˜ = 0 and hence the monodromy cover after
appropriate rescaling appears as ψ3 + 1 and hence factors completely. For B > 0,m = 4
the cover appears as ψ(ψ2 + 1) after rescaling since here a˜ = 0, and hence the cover can
be fully split.
A > 0 :
Here −β2 − α2 − αβ = 0. Substituting for β2 using this identity gives (g/σ3)σ=0 =
−αβ(α + β) = α3. Thus g = σ3(α3 + g4σ + O(σ5)). This implies that all contributions
to the residuals in g come in multiples of 3. For example, we have larger than expected
contributions to g residuals from intersections with curves of type II. As another con-
sequence, we see that since A > 0, inspecting the case of an intersection with type III
shows that we in fact have a (4, 6, 12) point as the remaining terms in g are of total order
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at least 6.
B > 0 :
Here, αβ(α+ β) = 0, giving three cases: α = 0, β = 0, and α = −β. In each, we have
Q = ψ3 + (α2)ψ (renaming β as α as needed). Thus, f = σ2(−α2 + f3σ +O(σ2)).
Summary of Restrictions
We collect the restricted monodromy assignments in Table 2.10.




Table 2.10: Forbidden monodromy assignments on I∗0 ∼ (2 +A, 3 +B, 6).
2.6.2 Intersections contributions from I∗0
Here we study the contributions to the residual vanishings along Σ′ from a transverse
intersection with Σ in each of the cases above.
Gauge algebra so(8):
Using the above preliminaries, we have the following table of intersection contributions
from Σ with so(8) gauge algebra to Σ′. This depends on the orders of vanishing along
Σ′, whether the order in g there is a multiple of three, and if Σ′ is of even or odd type.
Recall that Σ′ with orders (a′, b′, d′) is of even type if 3a > 2b, odd type if 3a < 2b, and
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hybrid type otherwise. We do not explore the latter case in Table 2.11. Note that I0 can
appear in any of the three types as orders of vanishing for I0 are given by (a
′, b′, 0) with
one of a′ or b′ necessarily zero.
A > 0 b′ ≡ 0 mod 3 b′ 6≡ 0 mod 3
(2 + A, 3,−) (a, 4,−)
Even Type on Σ′: (a, 3, 6) (a, 4, 8)
Odd Type on Σ′: (a, 3, 3a) (a, 4, 3a)
Table 2.11: Intersection contributions from I∗0
s ∼ (a = 2 +A, b = 3 +B, 6).
Gauge algebra so(7):
Here we only need to study the case B > 0. When Σ′ has even type, we have minimal
contributions to residuals along Σ′ given by (2, b, 2b). In the odd type on Σ′ case these
are instead (2, b, 6).
Gauge algebra g2:
Only A > 0 is relevant here. We have contributions given by (a, 3, 6) in the even type
case and by (a, 3, 3a) in the odd type case.
2.6.3 Restricted tuples
We now discuss some consequences of the above I∗0 restrictions. Residual vanishing
counts along Σ before any intersections are (8− 2m+ 2A, 12− 3m+ 3B, 24− 6m), where
m = Σ ·Σ. We list forbidden collections of transverse curves simultaneously meeting Σ for
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various values of m and a given monodromy assignment in Table 2.12. An X indicates the
monodromy assignment for specified values of A,B,m is forbidden. Separate forbidden
collections are semicolon-separated. Note that we do not use all available vanishings with
some collections. Rather, any collection containing a forbidden collection is also ruled out
since the required vanishing conditions cannot be met with any of the indicated transverse
subcollections. For example, in the case with data given by so(8), A > 0, m = 3, the
presence of two transverse curves with types (., 1, .) prevents g˜ := (g/σ2)|σ=0 from being
a cube since these each require 2 additional vanishings of g˜ at their intersections with Σ,
thus contradicting the bound b˜ = 3.
A > 0 m = 4 m = 3 m = 2 m = 1
g2 X (., 3, .) 2(., 3, .); (., 6, .), 3(., 3, .); (., 6, .)(., 3, .); (., 9, .)
so(7) X X X X
so(8) 2(., 1, .); (., 2, .)(., 1, .) 3(., 1, .); 2(., 2, .)(., 1, .); 3(., 2, .); 4(., 1, .); 4(., 2, .); 2(., 3, .)2(., 1, .);
(., 3, .)(., 2, .)(., 1, .) (., 4, .)(., 2, .)(., 1, .);
(., 3, .)2(., 1, .); (., 4, .)(., 1, .) 4(., 1, .); (., 2, .)3(., 1, .); . . .
B > 0
g2 X X X X
so(7) X (2, ., .) 2(2, ., .); (4, ., .) 3(2, ., .); (4, ., .)(2, ., .); (6, ., .)
so(8) 2(1, ., .) (2, ., .)2(1, ., .); 3(1., .) 4(1, ., .); (2, ., .)2(1, ., .);
(2, ., .)3(1, ., .); (3, ., .)2(1, ., .); · · ·
Table 2.12: Forbidden transverse curve collections meeting I∗0 with orders (a = 2 +A, b = 3 +B, 6).
The form of the relevant restricted polynomials for so(8) with A,B > 0 rule out a
significant number of intersections that satisfy naive residuals tallying. Notable cases
include so(8), B > 0 intersection with a type III curve (with orders (1,≥ 2, 3)) since this
hence induces non-minimality and so(8), B > 1 intersection with type II curves. Other
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nontrivial prohibitions include so(8), A > 0 intersections with any type IV curves or type
III curves.
2.6.4 Intersection contributions to I∗0
I∗0 with A > 0 meets multiple In curves:
Let Σ be a curve with type I∗0 at z = 0 having orders of vanishing (2 + A, 3, 6).
Consider first A > 0. Here Σ has even type and the contributions to residual vanishings
of ∆|z=0 are induced precisely by those of g|z=0.
Σ ·Σ = −3:
In the case that m = −Σ · Σ = 3, the residual vanishings along Σ are given by
(−, 3, 6). Working from the general local form of an I2 curve found in (A.8), we can place
further restrictions to give the forms for In with n > 2. For an I2 curve at σ = 0 to
meet Σ, we have z|φ. Since A > 0, Σ has even type so each vanishing of ∆˜ along Σ
corresponds to a vanishing of g there, and hence for two I2 curves at σ, σ
′, (using the
general form separately for each) restricting to σ = 0 and σ′ = 0 and using that there is a
b˜ contribution at each intersection, we have z2|φ in each expansion (rather than only the
a priori requirement that z|φ needed for intersection with an arbitrary I∗0 curve). Since g
goes at φ3 + O(σ), we thus have a priori contribution to the residuals of the I∗0 given by
(−,≥ 1,≥ 2) at each I2 intersection and contributions (≥ 4,≥ 6,≥ 8) to each I2 curve.
If compact, the I2 curves must have self intersections given by −1 and they cannot meet
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other curves of type other than In with n ≤ 4. 4 Since z2|f1 and z2|φ, reading from
the form of g from (A.8), we in fact have larger residuals contributions to Σ given by
(−,≥ 2,≥ 4) from each intersection with an In when n ≥ 2. Hence these triples are
disallowed as they exceed the permitted number of vanishings along Σ. Note that results
of this kind are taken care of by tracking intersection contributions that we can read
from the general forms of In unless A = B = 0, a case requiring special treatment.
2.6.5 I∗0 restricted tuples with A = B = 0
Σ ·Σ = −3:
Here, the number of roots of f˜ , g˜, ∆˜ along Σ are (2, 3, 6), respectively. Restricting to
Σ, we may assume that any specified pair of transverse singular curves has intersection
with Σ at σ = 0 and σ′ = 0, respectively, with σ = 1/σ′ on the overlap since Σ ∼= P1. From
the residuals, we read that the homogeneous degrees of f/z|z=0, g/z3|z=0, and ∆/z6|z=0
(which we respectively define as f̂ , ĝ, ∆̂) are 2, 3, 6 respectively.
Claim: I2 I
∗
0 I2 gives at least a semi-split center curve Σ, with Σ meeting the above
hypotheses:
Proof: The first I2 curve intersection with Σ requires that the form of f̂ , ĝ are those
giving the general form for I2 modified so that the relevant coefficient functions are
instead constant. We can homogenize using our knowledge of the degrees of f̂ , ĝ, and ∆̂.
4More generally, for Σ′ ∼In rather than I2 with Σ′ ·Σ′ = −1, we cannot have intersection with curves
other than Ip with p ≤ (n+ 12)− 2n when n is even and (n+ 12)− 3n when n is odd
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Proceeding in this fashion while imposing both I2 intersections, we obtain partial
splitting of the monodromy cover. This implies the algebra assignment on the quiver
1, 3, 1 given by su(2), g2, su(2) is not possible. The most general f̂ , ĝ, ∆̂ are given in the
patch with coordinates z, σ by
f̂ = −3φ2 + f1σ − 3Φ2σ2
ĝ = 2φ3 − f1φσ − f1Φσ2 + 2Φ3σ3
where φ,Φ, f1 are unspecified constants. One can then partially factor the monodromy
cover as
ψ3 + f̂ψ + ĝ = ((φ+ Φ)− ψ)((2φ2 − f1σ − 2φΦσ + 2Φ2σ2)− (p+ Pσ)ψ − ψ2)
in this coordinate patch. Note that we can now also read off the factorization of the
monodromy cover polynomial on the other patch.
Similar methods forbid the triple I2 I
∗
0
ns III and show that when the III here has orders
(1, 3, 3), we can forbid that I2 I
∗
0 III regardless of monodromy. Likewise, the triples I2 I
∗
0
IV and I4 I
∗
0 I2 are also forbidden for all of monodromy choices.
Anomaly cancellation from geometry
One of the few conditions for which we require further geometric insight (beyond those
available via tracking contribution counts and single curve global symmetry maxima) in
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order to match known constraints derived via anomaly cancellation machinery is the that
of the following claim.
Claim: The quiver 322 cannot have algebras so(7), su(2),−.
We begin by noting the first (anomaly cancellation) condition given in [16], namely
that “I∗0 on a −3 cannot meet a nonempty 2 and the algebra can only be so(7), not g2.”
We now show this follows from geometry without field theory considerations. Along with
the other geometric constraints derived here, in [6], and those in the appendices of [16],
non-minimality and intersection contribution tallying more than suffice to match all 6D
SCFT enhancements constraints on all links and hence on all bases to those one can
reach while also employing anomaly cancellation considerations. Some enhancements are
eliminated via the present considerations, as discussed in Appendix B.
Proof: With the residuals contribution tracking, we find that the only enhancements of
322 remaining are the options so(7), su(2) and g2, su(2) on the 32. To see that so(7)
is forbidden on the 3, we first note that in all the available type assignments on the
link 32, the 3 has orders precisely (2, 3, 6) and the 2 orders (2, 2, 4). It then suffices to
show that under the following conditions, the assignment so(7) to the −3 curve is not
possible. Our setup leaves only one possibility for the residuals on the −3 curve: they
are given by (0, 1, 2) and hence the form of f, g restricted to the −3 curve are given by
f ∼ c1w2 and g ∼ c2zw2 where c1, c2 are nonzero constants and the IV lies at w = 0.
Observe that z 6= w (or we would have a codimension two (4, 6, 12) point along the I∗0
curve). The resulting monodromy cover is then irreducible. We have the cover given by
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P = ψ3 + c1w
2ψ + c2zw
2 that cannot be semi-split, since as we saw above the ψ2 term
vanishing requires that
Q = (ψ − α)(ψ2 + αψ + s) = ψ3 + (s− α2)ψ − sα.
With self intersection −3, the residuals on are (2, 3, 6) for type I∗0 with orders (2, 3, 6).
Hence deg(s − α2) = 2 and deg(sα) = 3 with the degrees of s, α being 2, 1 respectively.
We can then identify s ∼ w2 and α ∼ z where z gives the other vanishing of g along
the I∗0. We have ĝ = c2αs = (cw
2)(c′z) and f̂ = (s− α2) = (cw2 − c′2z2), where c, c′ are
nonzero constants. This means f has two distinct roots along the I∗0, contradicting that
we use both available vanishings at once in meeting the type IV curve.
Alternate proof: Suppose we have the so(7) algebra on the −3 curve. We know that
deg s = 2 and degα = 1 in the case with orders (2, 3, 6) along the I∗0. We expand each
and imposing that s− α2 = f̂ = f2w2 and −αs = ĝ = g2w2 + g3w3 using the divisibility
requirements from meeting a IV, where here f̂ = (f/σ2)|σ=0 and ĝ = (g/σ3)|σ=0, we have
α = α0 + α1σ
s = s0 + s1σ + s2σ
2
ψ3 + (s− α2)ψ − sα = ψ3 + f̂ψ + ĝ,
=⇒ a0 = s0 = s1 = 0.
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This gives sα = O(σ3), preventing matching the σ2 term of ĝ unless g2 = 0. The latter
induces non-minimality.
Claim: When Σ is a curve with m = 3 and type I∗0
ss having orders (a, b, d) = (2, 3, 6),
a type III curve Σ′ with orders (1, 3, 3) at σ = 0 imparts beyond minimal intersection
contributions (instead contributing at least (2, 3, 6) to the allowed vanishings along Σ).
Proof: We proceed as above, here imposing the requirements that
α = α0 + α1σ
s = s0 + s1σ + s2σ
2,
ψ3 + (s− α2)ψ − sα = ψ3 + f̂ψ + ĝ




Proceeding to match the terms of f̂ and s − α2 order by order and then those of g, we
find before completing the matching that
a0 = 0, s0 = 0,
s1 = f1, s2 = f2 + α
2
1,
=⇒ s− α2 = f̂ ,
−sα = −α1f1σ2 − α1(α21 + f2)2σ3.
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From the latter we see that one of α1, f1 must be zero since g˜ is zero at order σ
2. We
rule out the first case as it induces infinite intersection contribution, leaving f1 = 0.
Intersection contributions to the I∗0
ss are then given by (2, 3, 6). (Note this forbids any
additional intersections along Σ, even with an I0 curve having A ≥ 1.)
The above seemingly mild restriction plays an important role in determining which
enhancement configurations are permitted and the degrees of freedom which remain to
become global symmetry summands.
2.6.6 Contributions to I∗0 with A,B > 0 from In
We now investigate the details of intersection contributions in the few permitted
values for n in for I∗0 intersections. When A,B > 0, the situation is even more restrictive.
The maximal allowed n for In meeting I
∗
0 in each case of A,B > 0 is given in Table A.2.
So that we may refer to the general forms for In type curves, let’s suppose our I
∗
0 here
lies at z = 0.
A > 0, so(8):
We will use the observation that since we have algebra so(8), intersection contributions
to b˜ are multiples of 3. Those to d˜ are then the doubles of those b˜ contributions as A > 0
is an even type I∗0. From Table A.1, we see that the maximal allowed intersection with
In in this case with A > 0 is for n = 3.
In compact:
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We will treat the three possible values of n separately when Σ′ here is a Kodaira type
In curve that is compact and has self-intersection −1. Note that we must have A ≤ 2,
since otherwise we exceed the 4 allowed f residual contributions to Σ′. Since A > 0,
we must be without monodromy along Σ′ in the one relevant case where n = 3. When
n = 1, 2 we note that z2|φ with φ as in (A.4),(A.8), respectively. Considering this fact






1 (1, 3, 6)/(4, 6, 10) X X
2 (0, 3, 6)/(4, 6, 10) X X
Table 2.13: Intersection contributions to I∗0
s with A > 0 from/to In. An ‘X’ indicates the intersection
is forbidden by non-minimality.
Note that in the case when A = 1 and n = 1, we must have at least z4|g1 and z4|g2
in (A.4) via the above consideration that g intersection contributions must come in
threes here. This has total order of f, g given by 4, 5 in both cases, falling barely short
of non-minimality. The other cases n > 1 are barred by similar considerations.
Non-compact In curves for global symmetry:
We carry out a similar study here with the change that φ is allowed higher degree
here, introducing the possibility of intersections with I2 or I3. Since we are concerned
with global symmetry, we safely ignore n = 1 (as I1 curves carry the trivial algebra).
However, intersections for n > 1 are forbidden as a result of non-minimality following
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from the strong requirement that contributions to b˜ are divisible by 3. This result is






≥ 1 X X
Table 2.14: Intersection Contributions to I∗0
s with A > 0 from an In non-compact curve. An ‘X’
indicates the intersection is forbidden by non-minimality.
B > 0 so(8):
This case has similar requirements to those above with the main difference being that
the contributions to residuals in f are required to be even here as we saw in the preceding






1 (2, 1, 6)/(4, 6, 10) X
2 X X
3 X X
Table 2.15: Intersection Contributions to I∗0
s with B > 0 from/to In. An ‘X’ indicates the intersection
is forbidden by non-minimality.
B > 0, so(7):
Again we consider intersections with a transverse type In curve, Σ
′ using restrictions
from Table A.1 which dictate that the maximum value of n here is 2. We will use that we
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have odd type on the I∗0; we will not need to use that intersection contributions to the I
∗
0
in this case are dictated by the lowest order z term in f , say µ1γ
2 with µ1 square-free and
of nonzero degree (since in this case the relevant term cannot be a square, or equivalently,
contributions to a˜ along an I∗0
ss cannot have purely even f residual contributions).
In compact:
With these constraints, we produce Table 2.16 by reading from the general forms of
In from (A.4),(A.8),(A.11). Note, we have B ≤ 3, as the degree of φ in (A.4) is 2 in






1 (1, 1, 3)/(4, 6, 10) (1, 1, 3)/(4, 6, 8)
2 (1, 1, 3)/(4, 6, 10) X
3 (1, 0, 3)/(4, 6, 10) X
Table 2.16: Intersection contributions with I∗0
ss with B > 0 from/to an In curve. An ‘X’ indicates the
intersection is forbidden by minimality considerations.
a non-compact In, we can raise the degree of φ to allow large values of B for example
when meeting I2. Such intersections are barred for Σ
′ compact. We have not used the
condition that a˜ contributions cannot be purely even, instead limitations being induced
by minimality considerations. We collect our results in Table 2.16.
Non-compact In curves for global symmetry:
Our results here only concern n ≥ 2 since n = 1 does not yield global symmetry.
From Table A.1, we cannot exceed n = 2. We have the identical result when B = 1.
When B ≥ 2, we can avoid non-minimality by raising the degree of φ. In this case, we
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only are interested in the intersection contributions to the I∗0. We collect the relevant






1 (1, 1, 3) X
2 (1, 1, 3) X
≥ 3 (1, 1, 3) X
Table 2.17: Intersection Contributions to I∗0
ss with B > 0 from a transverse non-compactIn curve. An
‘X’ indicates the intersection is forbidden by non-minimality considerations.
2.6.7 A > 0, g2
The a priori restrictions in this case are similar to those for the so(8) case with the
exception that g contributions are not forced to be multiples of three. On the contrary,
we are prevented from having contributions which consist entirely of multiples of three,
though this is irrelevant in our analysis here. When n = 3, we use that φ0 rather than µ
in (A.11) must carry all divisibility (we have z|φ0 and have thus used all available roots
of φ0) since we are considering the case of intersection with a compact In curve where the
f, g residuals are limited by 4, 6, respectively. We find there is non-minimal intersection







1 (1, 1, 2)/(4, 6, 9) (1, 2, 4)/(4, 6, 9) X
2 (0, 1, 2)/(4, 6, 9) (0, 2, 4)/(4, 6, 9) X
Table 2.18: Intersection contributions to I∗0
ns with A > 0 from/to In. An ‘X’ indicates the
intersection is forbidden by non-minimality considerations.
2.7 Restrictions involving type I∗n curves
In this section we collect contributions to residual vanishings from an intersection
with an I∗n curve. The main focus is the case with transverse curve of type In.
2.7.1 Single I∗n intersections with a type Im curve
In this section, we find the minimal simultaneous contributions to the residual vanish-
ings to each curve from an I∗n,Im intersection. The result is that there is a simple general
pattern for these contributions which we expect to hold in all cases where intersection
should be allowed via the a priori residual vanishings allowed on each curve. Some of
the general forms of such intersections have been constructed for this analysis, but the
most general form in the large n,m case for arbitrary n,m has not. Hence a portion
of our results here for 7 ≤ m ≤ 9 is conjectural. We expect these contributions to be
a generalization of the cases we have compiled in the table below. The general form of
the conjecture is then that we have contributions to the residual vanishings along the I∗n
and Im curves given by (0, 0,m) and (2, 3, n), respectively in the case with or without
monodromy along the I∗n for even m; for m odd instead these contributions are given by
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(0, 0,m) and (2, 3, n) in the case with monodromy and (0, 0,m+1), (2, 3, n+1) in the case
without monodromy, respectively. Note that the Im is non-split (i.e. has monodromy)
since we consider an intersection with I∗n.
Intersection with type I∗1
Meeting I1:
We begin by considering an intersection contributions to an I1 curve from an I
∗
1 curve
in cases with and without monodromy. This requires working several cases and looking
for the minimum. The detailed calculations can be easily carried out with a computer
algebra system but are somewhat cumbersome to treat by hand. We find that these





respectively. Note the agreement with [24].
Meeting I2:
Here we find that values for the cases with and without monodromy have the same
intersection contributions to the I2, namely (2, 3, 7) and those to the I
∗
1 are given by
(0, 0, 2) regardless of monodromy.
Meeting I3:
Here we find that the monodromy again matters and the contributions to the I3 are




1 , respectively, before
we consider the monodromy condition along the I3. Investigating monodromy involves
detailed inspection, but again can be readily treated using a computer algebra system.
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We find that for su(3) along I3, the intersection becomes a (4, 6, 12) point; this same
result appears to hold for either monodromy along the I∗1.
Note that since I∗n is obtained by imposing further constraints on an I
∗
1 and we did
not use the monodromy information from the I∗1, this forbids the intersection of I
s
3 with
higher I∗n curves as well. Likewise, moving to the cases In≥3 also simply imposes additional
constraints on f, g, but the term determining monodromy along Σ =In remains the same
and its form simply becomes more constrained as we increase n. This method is then an
alternative demonstration that I∗n cannot intersect I
s
m for (m ≥ 3, n ≥ 1).
Meeting I4:
In this case, the minimal contributions are (2, 3, 7) with or without monodromy along
the I∗1.
I∗n with n ≥ 4:
Here we implement the constraints for I∗n beginning with the inductive form of Im and
vice versa (for large n using the inductive form along the I∗n and imposing the constraints
for I1, then I2, etc.) and concluding by imposing monodromy constraints for the I
∗
n.
This allows one to inspect the resulting form to determine the minimal simultaneous
intersection contributions in each case. We find the general pattern for low n appears to
continue, but proving this in full generality is beyond our reach. Those cases we have
explicitly checked are found in Table 2.19.
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2.7.2 Summary
We find the following minimal simultaneous intersection contributions to In from
I∗m curves and vice versa, respectively. While it is a priori possible that the minimal
contributions could be realized for each with different intersections giving the minimal
ones, this does not appear to be the case; it appears possible in all cases studied to
simultaneously realize the minimal contributions to both the I∗n and the In curve. Note
that only intersections that do not give (4, 6, 12) points are considered here. Note there
is one remaining possible (necessarily simultaneous) singularity of f, g since there are
remaining residuals after the I∗n intersection given by (2, 3,−) (which can be located
anywhere we choose other than at the original intersection) and there cannot be additional
transverse curves over which the fibration is singular not meeting at this point along the
In curve that are not of type Ip for some p. The transverse curves also must have
(a, b) ≤ (2, 3). In other words, any other intersection with a curve of which the fibration
is singular must give either contribution (2, 3,−) (there can be at most one of these) or
contributions (0, 0,−).
2.7.3 Multiple I∗n curves meeting a type Im curve
In this case, we must have the self-intersection along the Im curve, say Σ, with Σ ·Σ =
−1 since for −Σ · Σ > 1 we have no vanishings of f, g possible. The total residuals are













I1 (2, 3, 7)/(0, 0, 1) (2, 3, 8)/(0, 0, 2) (2, 3, 8)/(0, 0, 1) (2, 3, 9)/(0, 0, 2) (2, 3, 10)/(0, 0, 1) (2, 3, 11)/(0, 0, 2)
I2 (2, 3, 7)/(0, 0, 2) (2, 3, 7)/(0, 0, 2) (2, 3, 8)/(0, 0, 2) (2, 3, 8)/(0, 0, 2) (2, 3, 10)/(0, 0, 2) (2, 3, 10)/(0, 0, 2)
I3 (2, 3, 7)/(0, 0, 3) (2, 3, 8)/(0, 0, 4) (2, 3, 8)/(0, 0, 3) (2, 3, 9)/(0, 0, 4)
I4 (2, 3, 7)/(0, 0, 4) (2, 3, 7)/(0, 0, 4)
I5 (2, 3, 7)/(0, 0, 5) (2, 3, 8)/(0, 0, 6)
I6 (2, 3, 7)/(0, 0, 6) (2, 3, 7)/(0, 0, 6)
...
I8 (†) (2, 3, 7)/(0, 0, 8) (2, 3, 7)/(0, 0, 8) (2, 3, 8)/(0, 0, 8) (2, 3, 8)/(0, 0, 8) . . .
...
Table 2.19: Minimal simultaneous intersection contributions in In,I
∗
k collisions to In and I
∗
k,
respectively. (The ‘†’ symbol indicates the less general inductive form is used for In).
remaining residuals in f, g. Note that intersection with a pair of I∗n curves requires that
the Im curve has monodromy.
2.7.4 Compact curve intersections for pairs with types II, I∗n
We first observe that the only relevant case here is n = 1, as a type II curve cannot
meet an I∗n curve with n > 1; such intersections are non-minimal even when the I
∗
n is
non-compact. We consider here the case with both curves compact, thus introducing
additional constraints not applicable to the situations considered in [6]. Along the I∗n
curve, (a˜, b˜) = (2(4 − m), 3(4 − m)) and II gives a nontrivial f, g contribution. Hence,
m = 4 does not need to be considered. We summarize the contributions for all remaining
cases of such an intersection in Table 2.20. Since I∗s≥1 and I
∗ns
>2 intersections with a type
II curve are non-minimal, all relevant local contribution data for II,I∗n≥1 intersections are









0 (2, 3, 4)/(3, 4, 8)
1 (2, 3, 4)/(2, 4, 8)
2 X.. (4, 6, 7)/(3, 4, 8)
3 X.. (4, 6, 7)/(2, 4, 8)
4 X.. X.. (6, 9, 10)/(3, 4, 8)
5 X.. X.. (6, 9, 10)/(2, 4, 8)
≥ 6 X.. X.. X..
Table 2.20: Intersection contributions to/from a compact I∗ns1 with Σ · Σ = −m intersecting a II. An
X indicates the intersection is non-minimal and an (X..)X. that the intersection is banned by (naive)
residuals considerations. Entries to the right of an allowed entry have the same values.
Note that Kodaira types beyond II other than In family types are banned from I
∗
n
intersection by non-minimality. Thus we have given here the set of possible intersection
contributions for types other than I0, which we have recorded separately.
2.8 Intersection of a compact I0 with type I
∗
n curve
for n ≥ 1
We now find the intersection contributions to a curve Σ with type I0 from an I
∗
n
curve, Σ′, which may be non-compact. Here u1 in the general form of I∗n given in (A.34)-
(A.38) appears to permit any of the a priori possible number of roots (at least as far as
constraints along the I∗n are concerned).
Let the vanishings along Σ be given by (A,B, 0), noting that we must have one of
A,B being zero. We consider Σ′ along {σ = 0} whose form is given by one of the
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expansions from (A.34)-(A.38). We compile the total order at the intersection point in
2.21, writing ‘X’ for non-minimal intersections. By inspecting the form of I∗n, imposing the
required divisibility conditions to have zA dividing f or zB dividing g, and then checking
the monodromy condition for I∗n, we arrive at the indicated minimal total orders at the
intersection. We do not record the case A = B = 0 here since the minimal total order
is always (2, 3, n) in such cases and all intersections are allowed except when the Σ′ has
self intersection −4; for such curves, all A,B > 0 intersections are trivially banned by a
priori residuals tracking. Terminal entries with A or B referenced indicate the general
pattern holds for all A or B, applying also to the entries below such an entry. Note that
we need only explore n ≤ 4 since further intersections are forbidden via [32].
I∗ns1 I∗s1 I∗ns2 I∗s2 I∗ns3 I∗s3 I∗4
A = 1 (4, 4, 8) (4, 4, 8) (4, 5, 10) (4, 5, 10) (3 +A, 5, 10) X X
A = 2 (4, 4, 8) (4, 4, 8) (4, 5, 10) (5, 5, 10) X X
A = 3 (2 + 2dA/2e, 4, 8) (2 + 2dA/2e, 4, 8) (6, 5, 10) (6, 5, 10) X X
A = 4 (3 +A, 5, 10) (3 +A, 5, 10) X X
B = 1 (3, 5, 9) (3, 5, 9) (3, 4 +B, 9) (3, 4 +B, 9) X X X
B = 2 (3, 6, 9) (3, 6, 9) X X X
B = 3 (3, 6, 9) (3, 7, 9) X X X
B = 4 (3, 7, 9) (3, 7, 9) X X X




2.9 Intersection of a compact I0 with a compact I
∗
n
curve for n ≥ 1
The residual vanishing counts along an I∗n curve with negative self-intersection m are
given by
a˜ = −4(m− 2) + 2m = 8− 2m
b˜ = −6(m− 2) + 3m = 12− 3m
d˜ = −12(m− 2) + (n+ 6)m = 24 + (n− 6)m.
In particular, the constraints on a˜, b˜ and the general forms of I∗n together imply that u1
in the general form has the number of roots indicated in Table 2.22. This data allows us
m = 4 m = 3 m = 2 m = 1
deg(u1) 0 1 2 3
Table 2.22: Degree of u1 for I
∗
n with Σ · Σ = −m.
to find the following rules for intersections with type I0∼ (A,B, 0) singularities which are
not necessarily compact nor transverse curves but simply singularities along the I∗n locus.
The latter implies that any remaining residuals in purely f or g have such intersection
contributions, but we should note that there may in some cases indicated as non-minimal
which may in fact be allowed point singularities in f, g to the corresponding order; that is,
these tables are intending to track contributions from transverse curves but also give the
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contributions for point singularities when a transverse curve of the corresponding type
is allowed. In other terms, only in cases where the intersections are indicated as allowed
rather than non-minimal do we track the data, as our priority is to treat transverse
curves rather than simply singular points (but some information for point singularities
does result). The contributions to the I0 are also noted for use in the case that the
singularity is an intersection with a it compact transverse I0 curve. Note that for m = 4,
we cannot have intersection with a curve of type I0∼ (A,B, 0) with either of A > 0 or
B > 0. This fact and other restrictions of this form are already accounted for via simple
residuals tracking without modification from what follows below. For A = B = 0, it is
easy to see the intersection contributions in both monodromy cases are simply (2, 3, 6+n),
the na¨ıve estimate. We collect the relevant results in Table 2.23.
2.9.1 m = 3
Here we have at most a single root of u1. As a result, we find the following intersection
contributions and non-minimal intersections. The total residuals along the I∗n here are
given by (2, 3, 6 + 3n). See Table 2.23 below.
2.9.2 m = 2
Here the residuals along the I∗n are given by (4, 6, 12 + 2n). This means that the
highest power of z dividing u1 is two. Hence, A,B are capped for I0 at 4, 6. The relevant











A = 1 (3, 4, 8)/(2, 3, 3) (3, 4, 8)/(2, 3, 3) (3, 5, 10)/(2, 3, 3) X. X.
A = 2 (2, 4, 8)/(2, 3, 3) (2, 4, 8)/(2, 3, 3) (2, 5, 10)/(2, 3, 3) X. X.
A ≥ 3 - - - - -
B = 1 (3, 4, 9)/(2, 3, 4) (3, 4, 9)/(2, 3, 5) (3, 4, 9)/(2, 3, 2) (3, 4, 9)/(2, 3, 2) X
B = 2 (3, 4, 9)/(2, 3, 4) X. X. X. X
B = 3 (3, 3, 9)/(2, 3, 4) X. X. X. X
B ≥ 4 - - - - -
Table 2.23: Intersection Contributions to I0∼ (A,B, 0) and I∗n with m = 3, respectively. ‘X’ indicates
non-minimal intersection and ‘-’ indicates exceeding allowed residuals. ‘X.’ indicates that the
intersection is non-minimal here while in the non-compact case it is was not yet forbidden via the














A = 1 (3, 4, 8)/(2, 3, 3) (3, 4, 8)/(2, 3, 3) (3, 5, 10)/(2, 3, 3) (3, 5, 10)/(4, 6, 6) X. X X
A = 2 (2, 4, 8)/(2, 3, 3) (2, 4, 8)/(2, 3, 3) (2, 5, 10)/(2, 3, 3) (3, 5, 10)/(4, 6, 6) X. X X
A = 3 (3, 4, 8)/(4, 6, 6) (3, 4, 8)/(4, 6, 6) (3, 5, 10)/(4, 6, 6) (3, 5, 10)/(4, 6, 6) X. X X
A = 4 (2, 4, 8)/(4, 6, 6) (2, 4, 8)/(4, 6, 6) (2, 5, 10)/(4, 6, 6) (2, 5, 10)/(4, 6, 6) X. X X
A ≥ 5 - - - - - - -
B = 1 (3, 4, 9)/(2, 3, 4) (3, 4, 9)/(2, 3, 5) (3, 4, 9)/(2, 3, 2) (3, 4, 9)/(2, 3, 2) X X X
B = 2 (3, 4, 9)/(2, 3, 4) (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 4) (3, 4, 9)/(4, 6, 4) X X X
B = 3 (3, 3, 9)/(2, 3, 4) (3, 4, 9)/(4, 6, 8) X. X. X X X
B = 4 (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 8) X. X. X X X
B = 5 (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 8) X. X. X X X
B = 6 (3, 3, 9)/(4, 6, 8) (3, 3, 9)/(4, 6, 8) X. X. X X X
B ≥ 7 - - - - - - -
Table 2.24: Intersection contributions to I0∼ (A,B, 0) and I∗n with m = 2, respectively. ‘X’ indicates
non-minimal intersection or not allowed to have a particular I∗n on a curve of this self intersection and
‘-’ indicates exceeding allowed residuals. ‘X.’ indicates that the intersection is non-minimal here while
in the non-compact case it is was not yet forbidden via the previous analysis in the non-compact case.
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2.9.3 m = 1
In this case, the residual counts along the I∗n are instead given by (6, 9, 18+n). Hence,
the highest power of z dividing u1 is three here, capping A,B for I0 at 6, 9. Contribution














A = 1 (3, 4, 8)/(2, 3, 3) (3, 4, 8)/(2, 3, 3) (3, 5, 10)/(2, 3, 3) (3, 5, 10)/(4, 6, 6) X. X X
A = 2 (2, 4, 8)/(2, 3, 3) (2, 4, 8)/(2, 3, 3) (2, 5, 10)/(2, 3, 3) (3, 5, 10)/(4, 6, 6) X. X X
A = 3 (3, 4, 8)/(4, 6, 6) (3, 4, 8)/(4, 6, 6) (3, 5, 10)/(4, 6, 6) (3, 5, 10)/(4, 6, 6) X. X X
A = 4 (2, 4, 8)/(4, 6, 6) (2, 4, 8)/(4, 6, 6) (2, 5, 10)/(4, 6, 6) (2, 5, 10)/(4, 6, 6) X. X X
A = 5 (3, 4, 8)/(6, 9, 9) (3, 4, 8)/(6, 9, 9)X (3, 5, 10)/(6, 9, 9) X. X. X X
A = 6 (2, 4, 8)/(6, 9, 9) (2, 4, 8)/(6, 9, 9)X (2, 5, 10)/(6, 9, 9) X. X. X X
A ≥ 7 - - - - - - -
B = 1 (3, 4, 9)/(2, 3, 4) (3, 4, 9)/(2, 3, 5) (3, 4, 9)/(2, 3, 2) (3, 4, 9)/(2, 3, 2) X X X
B = 2 (3, 4, 9)/(2, 3, 4) (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 4) (3, 4, 9)/(4, 6, 4) X X X
B = 3 (3, 3, 9)/(2, 3, 4) (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(6, 9, 6) (3, 4, 9)/(6, 9, 6) X X X
B = 4 (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 8) X. X. X X X
B = 5 (3, 4, 9)/(4, 6, 8) (3, 4, 9)/(4, 6, 8) X. X. X X X
B = 6 (3, 3, 9)/(4, 6, 8) (3, 3, 9)/(4, 6, 8) X. X. X X X
B = 7 (3, 4, 9)/(6, 9, 12) X. X. X. X X X
B = 8 (3, 4, 9)/(6, 9, 12) X. X. X. X X X
B = 9 (3, 3, 9)/(6, 9, 12) X. X. X. X X X
B ≥ 10 - - - - - - -
Table 2.25: Intersection contributions to I0∼ (A,B, 0) and I∗n with m = 1, respectively. ‘X’ indicates
non-minimal intersection or not allowed to have a particular I∗n on a curve of this self intersection and
‘-’ indicates exceeding allowed residuals. ‘X.’ indicates that the intersection is non-minimal here while
in the non-compact case it is was not yet forbidden via the previous analysis in the non-compact case.
2.10 Intersections of I0 and I
∗
0
Here we suppose that a curve Σ of type I0 with vanishings (A,B, 0) at {z = 0} meets
a curve Σ′ of type I∗0 = {σ = 0} := Σ′ and we investigate the restrictions on monodromy
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on Σ′ for various values of A,B, the additional orders of vanishing of f, g along Σ, as
above. We let A0, B0 give the orders of vanishing along Σ
′ as (2 + A0, 3 + B0, 6). Here
we have the monodromy cover given by ψ3 + (f/σ2)|{σ=0} + (g/σ3)|{σ=0} and in the case
where this splits as (ψ − α)(ψ − β)(ψ − γ), it is given by
ψ3 + ψ(−β2 − α2 − αβ)− αβ(α + β).
In the case that the I∗0 curve Σ
′ has B0 ≥ 4 so that we have orders of vanishing (2,≥ 6, 6),
we are near non-minimality. In fact, we find that if the I0 has orders (1, 0, 0) or beyond
in f, non-minimality forbids such an intersection.
To clarify, in this case αβ(α + β) must vanish. Hence one of α, β, or α + β must
vanish. Suppose α = −β. Then
α2 + β2 + αβ = α2.
For z|f , we then have z2|(f/σ2)|{σ=0}, giving a (4, 6, 12) point. To see this, we note that
our requirements result in
f = σ2(zg2(z) + zg3(z)σ + zg4(z)σ
2 + . . . )
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with (f/σ2)|σ=0 a square, making zg2(z) is a square. Hence, orders (3, 6, 9) are boosted,
with non-minimality resulting after considering monodromy. The other cases are similar.
When B > 0 along the I0, there is no analogous result.
In the case that we have A0 > 0, the coefficient on ψ vanishes and hence (g/σ
3)|σ=0 =
(α2 + β2)(α + β). The utility of this condition in considering zk|g to study B > 0 is not
immediately obvious, so we move on, ignoring this case.
Given so(7) algebra on I∗0, the monodromy cover splits partially. We can write it as
ψ3 + (γ − α2)ψ − αγ.
When A0 > 0, this becomes ψ
3 − α3. Since α3 = (g/σ3)|σ=0, we see that z divisibility of
g along the I0 becomes z
3 divisibility. In the case that A0 ≥ 2, the order in f is already
4 before intersection with the I0. This results in a (4, 6, 12) point as the (4, 4, 8) point at
the intersection is boosted by the monodromy condition. In terms of expanding g, this
reads
g = σ3(zg3(z) + zg4(z)σ + zg5(z)σ
2 + . . . )
with zg3(z) a cube. The latter requires that z
3 divides g|σ=0. Hence, A0 ≥ 2 and B ≥ 1
is forbidden for I∗ss0 .
When we have g2 algebra, the monodromy cover is irreducible, and appears as ψ
3 +
qψ + p. If this had a root, it would appear as ψ3 + ψ(γ − α2) − αγ. In the case with
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A0 > 0, irreducibility implies that p 6= αγ where γ = α2, i.e., (g/σ3)|σ=0 is not a cube.
In particular, this prevents (g/σ3)|σ=0 from being constant, hence barring the case with
no residual vanishings along the I∗0 after accounting for any other intersections. Here,
g = σ3(g3 +σg4 +σ
2g5 + . . . ), and the above is simply to say g3 is not a cube. This result
applies in all configurations involving an I∗0 with g2 algebra; there is nothing used about
an intersection with I0. To phrase this differently, if we have an I
∗
0 with g2 algebra and
A0 > 0, the other vanishings of g along this curve cannot all appear as cubes. Among
other restrictions this imposes, we see that when Σ′ ·Σ′ = m, with m given by 1, 2, 3, the
residual vanishings of g before considering other intersections read 9, 6, 3, respectively in
these cases, implying for example that a g2 gauged I
∗
0 with A0 > 0 cannot meet 3, 2, 1
other type III curves each having types (1, 3, 3) in the respective cases.
Similarly, for B0 > 0 we have monodromy cover given by ψ
3 + qψ. This is not irre-
ducible, thus ruling out the case with g2 algebra.
A few of these results are summarized in Table 2.26
g2 so(7) so(8)
B0 > 0 A0 ≥ 2 & B > 0 B0 ≥ 3 & A > 0
Table 2.26: Forbidden intersections and type restrictions
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2.11 Global symmetries of 6D SCFTs
In Appendix D, we collect sample tables for the global symmetry maxima for all
enhancements of 0-link and branching 1-link quiver theories meeting the constraints
derived here and in [6, 24]. We arrive at these results via exhaustive computer algebra
routine search methods, discussed in further detail in Appendix C. The global symmetries
for distinct enhancements are not compared in our tables5, as these correspond to the
symmetries of potentially distinct physical theories (and certainly so when having distinct
gauge algebras6). With the exception of a few quiver families permitting infinitely many
enhancements, those we have referred to as “rogue bases,” our accompanying computer
algebra routine can be used to provide the global symmetry maxima for each enhancement
of any given quiver provided a machine with sufficient memory 7. Examples collected in
appendices are limited to all 0-links, a few end links, and a sample interior link (the latter
being prohibitively lengthy in their full global symmetry prescriptions). This amounts
to data for the majority of possible links. The remaining cases of interior link and end
link based theories not included in the Appendix D have global symmetry that is loosely
characterized as the direct sum of those studied here (via appropriate truncation of outer
5Alternative reorganization routines for the output data are provided by methods included in the
accompanying computer algebra workbook found in Appendix C. Among these are methods to compare
all global symmetry options arising on a given quiver and capabilities to track details of the configurations
at the level of orders of vanishings along all curves in each configuration at the other extreme.
6We might also ask whether having distinct global symmetry maxima suffices to distinguish SCFTs,
and if not, what further data is required.
7Rogue bases can also be treated, but as they permit infinitely many gauge enhancements, we require
a user to specify a limit on the maximal gauge algebra which should be allowed. Thus a simple listing of
all possible global symmetries is not achieved with the same approach. We postpone discussion of these
cases to future work, though straightforward.
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−1 curves) and the symmetry carried on the outer −1 curves of the link; these latter
summands are in most cases the remaining relatively maximal complementary algebras
available for the possible enhancements on the outer curves that are compatible with
one of the enhancements provided in the tables of Appendix D, where the algebras
in which these form relatively maximal compliments are characterized by the possible
global symmetries for −1 curves, as detailed originally in [6, 24] and reproduced here
in Tables 1.6,1.7,1.8. For complete, direct specification of global symmetry maxima in
these cases, the implementation we provide can be run directly on essentially any base 8
directly (even with a typical laptop circa 2016 9).
2.12 A comment on U(2) subgroup generators
In this section, we pause briefly to state a new identity capturing the collection of 78
equations for continued fraction values appearing Table 1 of [28]. These correspond to
the complete list of A-type endpoint families. Note that these also capture the D-type
8Our implementation treats at most 3-valent bases. Hence, for the three 4-valent links (which cannot
attach to anything) results may be obtained by inspection of the relevant quiver dropping a −1 curve
along with data for the quiver 51. The remaining 4-valent bases are fairly limited and similarly can be
readily studied via decomposition to a three valent base and a linear base with little effort.
9Computation times depend on the previous computations completed, getting somewhat shorter after
some lengthier calculations are stored or imported via the export file from a previous run. Note that
such files can be shared between users. The bulk of relevant global symmetry speedups for subsequent
non-rogue bases can be obtained from computations for e.g. 131. Many of the implemented gauge algebra
calculation speedups can be accessed by running computations determining the gauge algebras available
on the full set of linear links; this takes about half an hour on a typical 2016 laptop. The combined
runtime for all global symmetry maxima calculations on the set of all 0-links on such a machine is a few
dozen hours, mostly occupied by a handful of links for which computations are more involved.
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generator number theory via truncation of the D-type branch. 10 The indicated values
define the generator of Γ, the discrete U(2) subgroup determining the base orbifold as
B ∼= C2/Γ, where the action on C2 is given by a fraction value p/q via
(s, t) 7→ (e2pii/ps, e2piiq/pt). (2.2)
Each endpoint family is indexed in [28] by N , the total number of curves occurring in
the string. We will instead write n to count the number of −2 curves inserted between
the pair of possibly empty outer strings. We recover the continued fraction values of all
collections with a simple identity given in terms of values for the continued fractions of
the 12 possible leading or tailing strings, α and β.
2.12.1 A condensed description
To write the following identity, it is convenient to collect values for the continued
fractions of the relevant outer strings and their reverses. These appear in Table 2.27.
In our result, we utilize the first column entries of the Hirzebruch-Jung continued
fraction matrix representation (as in [33]) for the leading string, α. We list the negatives
of these values in Table 2.28 labeling them as mα,1,mα,2. Let α¯ denote the reverse of the
string α. We can now recover the formulas for the values of all continued fractions in
10The D-type endpoints have a similar action generator determined by dropping the branch 2
2
2 to
obtain the fraction p/q from the remaining string. The other generator has action given by (z1, z2) 7→
(z2,−z1), as noted in [17].
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α : ∅ 3 4 5 6 7 33 23 32 223 322 2223 3222 22223 32222 24 42
pα
qα























Table 2.27: Continued fraction values for outer strings of endpoints.
α : 3,4,5,6,7 23 223 2223 22223 33 24
(mα,1 mα,2) : (0 1) (1 2) (2 3) (3 4) (4 5) (1 3) (1 2)
Table 2.28: First column entries of Hirzebruch-Jung continued fraction matrix representation for
endpoint strings.
each endpoint family as reported in [28] as
Cα,β(n) =
|(pα¯ − qα¯)(pβ − qβ)| · n+ |max{pα, 1}max{pβ, 1} − qβmα,2(1− δβ,∅)|
|(qα −mα,1)(pβ − qβ)| · n+ |qα max{pβ, 1} − qβmα,1(1− δβ,∅)| .
The absolute values, max(−), and Kronecker symbol are included so that we may simul-
taneously treat the cases with empty strings α, β and may otherwise be ignored. In some
terms, the absolute values are never needed, but we leave them in place to emphasize
that the resulting function of n consists of nonnegative integer coefficients.
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2.13 Conclusions
The geometric constraints we have discussed in the body of this work have allowed
an algorithmic approach to computing the gauge and global symmetries for all known
6D SCFTs. We find agreement with results appearing in the literature, for example the
handful of cases discussed in [16]. Briefly, those global symmetries for a 6D SCFT which
arise appear in an F-theoretic description via contributions from a select few curves in
the discriminant locus determining its base while all other curves provide trivial sym-
metry summands. This agrees with the general structure of allowable bases for SCFTs.
Locations permitting global symmetry can be viewed as positions with free hypermul-
tiplets that can often be paired to compact curves (producing more elaborate bases) or
to non-compact gauged curves with algebras becoming global symmetry summands. We
have provided analysis of many local models for intersections involving pairs of compact
curves and completed the remaining details for compact-non-compact pair intersections
not elucidated in [6, 24, 16]. We have furnished an algorithm which combines the geomet-
ric constraints introduced in these works with the aforementioned analysis to determine
the gauge algebra structure of all 6D SCFTs purely via geometric constraints on Calabi-
Yau threefold elliptic fibrations (i.e. without hypermultiplet counting restrictions coming
from requirements for anomaly cancellation), yielding essential agreement with those pre-
scribed in [16]; the further restrictions on gauge structure we have uncovered are detailed
in Appendix B.
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A second algorithm and implementation we have included takes this one step further,
allowing computation of global symmetries for any 6D SCFT, also via purely geomet-
ric constraints. We have collected results of this algorithm applied to all 0-links and
branching 1-links (among others) and the resulting global symmetry maxima have been
recorded in Appendix D along with results for several miscellaneous quivers. While our
constraints are global in the base, we find that this “non-locality” is not often reflected
in the global symmetries which can be realized for fixed Kodaira type assignments pro-
vided we compare fibrations with potentially differing codimension-two singularities. For
a fixed gauge assignment, the summands towards total global symmetry are more often
restricted beyond those which may appear along each curve. Thus, the global symmetries
which may occur and how they pair with the permissible gauge enhancements of a given
base yield a nontrivial structure permitting the possibility that certain features of the
geometry beyond a gauge algebra choice and U(2) subgroup determination are necessary
to specify a theory uniquely; whether these distinctions disappear after renormalization
remains an open question. We have observed that those geometries giving maximal global
symmetries for fixed U(2) and gauge data appear to determine a natural class of distin-
guished threefolds which may be of some mathematical and physical interest. Perhaps
further investigation of these structures (including that to appear in [5]) might prove to




Local models and intersection data
In this appendix, we review the derivation and results presented in [6] concerning the
local models type In and type I
∗
n curves. We frequently require reference to the general
forms for expansions along curves with these types in the present work. As discussed
above, the further complications faced in the treatment of local models in the present
work stems from our necessity to treat bases containing more than a single compact curve,
and hence to treat models where the number of allowed vanishing on each curve in such
an intersection are both constrained. In the tables concerning forbidden intersections
in this section, we are constraining those configurations where the transverse curve is
non-compact. These restrictions then also apply when the transverse curve is compact,
this scenario merely imposing further restrictions.
A.1 The Tate algorithm for the In case
The expansions in this section provide data necessary to describe a transverse inter-
section between a Kodaira type In curve supported on a divisor {σ = 0} in the base and
curve with another Kodaira type which we may assume without loss of generality to be
supported on a divisor {z = 0}.
The approach in this section generalizes that of [25], which provided careful analysis
of Weierstrass models for su(n), to treat sp(n/2) as well. A similar approach was also















where the quantities fi, gi and ∆i can be taken as polynomials in z, at least locally in
a neighborhood of {σ = 0}. The requirement for the divisor {σ = 0} to carry type In
implies that ∆i = 0 for all i < n. As in [25], we assume that the divisor {σ = 0} is
non-singular, implying that any ring of local functions on a sufficiently small open subset
of {σ = 0} is a unique factorization domain.





0 = 0 , (A.2)
and hence a local function φ such that 1
f0 ∼ − 148φ2 , g0 ∼ 1864φ3 . (A.3)
We set f0 = − 148φ2 and g0 = 1864φ3 and we obtain: 2
Summary for I1
f = − 1
48








φ3 (12g1 + φf1)σ +O(σ
2) . (A.4)
The coefficients fi, gi above have been redefined to absorb the terms proportional to σ
that we might have introduced when substituting for f0 and g0. Now, setting ∆1 = 0
implies
g1 ∼ − 112φf1 . (A.5)
We can now give the most general form for type I2. In presenting the expansions, intro-
ducing the following notation is helpful. For each i ≥ 1, there are terms in the expansion
of ∆ appearing as
∆i = 4f
2
0 fi + 27g0gi + · · · . (A.6)
1Given two local functions φ1 and φ2, the notation φ1 ∼ φ2 indicates that the two functions are
identical up to powers of σ.
2The choice of numerical coefficients aims to match conventions in the existing literature.
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This makes it convenient to define
g˜i = gi +
1
12
φfi , i ≥ 1 . (A.7)
Summary for I2
f = − 1
48










φ3g˜2 − φ2f 21
)
σ2 +O(σ3) . (A.8)
To ensure that the coefficient of σ2 in ∆ vanishes, we can set
φ ∼ µφ20 , f1 ∼ 12µφ0ψ1 , (A.9)





























φ30g˜3 − ψ31 − φ20ψ1f2
)
σ3 +O(σ4) . (A.11)






φ30g˜3 − ψ31 − φ20ψ1f2
)
= 0 . (A.12)








ψ1 ∼ −13φ0φ1 . (A.13)
Now, ∆3 = 0 is solved by setting
g˜3 = −13φ1f2 − 127φ31 . (A.14)
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Again, for each i ≥ 3 we have terms in the expansion of ∆i of the form
∆i = 24f0f1fi−1 + 27g0g˜i + · · · , (A.15)
so that it is convenient to redefine
ĝi = g˜i +
1
3




f = − 1
48



































−f̂ 22 + µφ20ĝ4
)
σ4 +O(σ5) . (A.17)








f̂2 ∼ 12µφ0ψ2 , (A.18)






f = − 1
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σ5 +O(σ6) . (A.20)
We can go one step further and find a complete general form for type I6 by setting
∆5 = 0, which requires
φ1ψ
2
2 − φ0ψ2f3 + φ20ĝ5 = 0 . (A.21)
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Now, we factorize the roots of φ0|σ=0 according to which ones divide φ1|σ=0 or ψ2|σ=0, as
φ0 ∼ αβ , ψ2 ∼ −13αφ2 , φ1 ∼ βν , (A.22)
where α, β, φ2 and ν are locally-defined functions, and α
∣∣
σ=0













do not share any common factor.
Now ∆5 = 0 is satisfied by
f3 ∼ −13νφ2 − 3βλ , ĝ5 ∼ φ2λ , (A.23)
for some locally-defined function λ. Finally,
Summary for I6

































































−243λ2β3 + 54φ2νλβ2 − 3βν2φ22
)
σ6 +O(σ7) . (A.24)
Solving algebraically ∆6 = 0 is a daunting challenge to treat in complete generality.
In order to deal with type In for n ≥ 7, we instead implement the inductive argument of
[20], the results of which we state here.
Summary for Ii, i ≥ 7
f = −1
3





uv + w ,
∆ = 4u3w − u2v2 − 18uvw + 4v3 + 27w2 , (A.25)
where u, v and w are local functions such that
σ[i/2]| v , σ2[i/2]| w , σ - u . (A.26)
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In the even case with i = 2n, the expansion of u in powers of σ takes the form
u = 1
4
µφ20 + u1σ + · · ·+ un−1σn−1 , (A.27)
where, as before, µ
∣∣
{σ=0} is square-free, while v and w are generic. In the odd case with










2n+1 + · · · , (A.28)
where tn is a locally defined function. This is indeed the most general solution for Im,
m ≥ 10. It is a solution, but not the most general one, for m < 10. We explicitly
constructed above the most general solution for m ≤ 6, so we have three cases, namely
m = 7, 8, 9, for which the forms above from [6] may not capture the full story. In our
present work, as in [6], we treat this cases with forms as described by (A.25)-(A.28).
Local models for intersections
We want to use the above expressions for type In in order to construct local models
describing intersections of a divisor {σ = 0} carrying type In and a divisor {z = 0}
carrying any other Kodaira type. In order to do this, let (a, b, d) be the degrees of
vanishing of (f, g,∆) along {z = 0}. Then we have the divisibility conditions
za| f , zb| g , zd| ∆ . (A.29)
Imposing these conditions on each term of the expansions (A.1) leads in turn to certain
divisibility conditions on the various local functions describing the local model for the
intersection. In particular, we must check whether the point of intersection P = {z =
σ = 0} has degrees of vanishing equal or higher than (4, 6, 12), in other words, if it
describes a non-minimal intersection3. If that is that case, we discard this solution.
Monodromy
For type In, n ≥ 3, there is a monodromy condition we need to test in order to fully
specify the algebra, i.e. to determine whether the gauge algebra summand is either su(n)
or sp([n/2]). The condition for monodromy is determined by the function µ defined in
(A.9): we are in the case without monodromy, i.e. the algebra is su(n), when µ
∣∣
{σ=0}
3We refer to this condition as the “(4,6,12) condition”.
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has no zeros, and conversely we are in the monodromy case when µ vanishes somewhere
along {σ = 0}. As we will see in the example below, there are cases where the general
form of the local model for the intersection forces µ to vanish somewhere. That is, we
can prove that in order to have an allowed intersection the monodromy on the type In is
fixed.
An example
Let us consider the intersection between a type I4 along the divisor {σ = 0} and a
type I∗0 along the locus {z = 0}. We take the degrees of vanishing of f, g and ∆ along
{z = 0} to be 2, 3 and 6, respectively. This means that
z2| f , but z3 - f , z3| g , but z4 - g . (A.30)
Imposing these constraints on each term of the solution (A.17) implies that
z2| fi , i ≥ 3 , z3| ĝi , i ≥ 4 , z2| (f̂2 − 13φ21) =⇒ z2| f̂2 , z| φ1 (A.31)
and either z|φ0 or z|µ. We distinguish between these two cases:
1. z| φ0 and z - µ. Let us rewrite our quantities by factoring out the explicit partial z
dependence determined above; for simplicity of notation, we indicate the functions
with the same symbol, as
f = − 1
48



























z3ĝ4 − 13z3φ1f3 − 112z4µφ20f4
)
σ4
+ z3O(σ5) . (A.32)
The degrees of vanishing of f and g at P are 4 and 6, respectively. This solution is
therefore non-minimal and it is not allowed.
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2. z|µ and z - φ0. In this case, we have
f = − 1
48



































−z4f̂ 22 + z4µφ20ĝ4
)
σ4 + z6O(σ5) . (A.33)
Now, the degree of vanishing of f and g at P are 2 and 3, respectively, and therefore,
this is an allowed intersection. Moreover, the fact that µ
∣∣
{σ=0} vanishes along the
locus {z = 0} implies that we have monodromy and the gauge algebra for the type
I4 is sp(2).
Summary
Following the procedure described above, we can summarize our results for local
models describing intersections of type In with curves of even and odd type as well as I
∗
0
(this case can be extended to I∗m≥1). Table A.1 describes the maximum n such that type
In is allowed by the (4,6,12) condition to intersect the singularity types listed below. The
symbol ‘-’ indicates that this possibility is not realizable, for example in all odd types we
cannot have A 6= 0.
A = B = 0 A = 1 A ≥ 2 B = 1 B ≥ 2
II∗ 0 0 0 - -
III∗ 0 - - 0 0
IV∗ 1 1 1 - -
I∗0 ∞ 3 3 2 2
IV ∞ 3 3 - -
III ∞ - - ∞ 5!
II ∞ ∞ 4 - -
Table A.1: Allowed intersections for non-compact type In curves. Here a ‘!’ superscript denotes a
correction to the corresponding data in [6].
The results summarized in this table have some immediate important consequences.
First, configurations Cn1,··· ,nN of type Ini curves do not yield any non-abelian symmetry
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for type II∗, III∗ and IV∗. Second, in the most interesting case of type I∗0, Table A.1
provides strong constraints if either A 6= 0 or B 6= 0. In both cases, by using the
monodromy result in Table A.2, the only admissible algebra summand is sp(1). This is
trivially a sub-case of the more general A = B = 0 setting, the case of primary interest
in [6]. Attention to this case allows one to put all comparisons of global symmetries for
given single curve theories on the same footing. Furthermore, those global symmetries
which are realizable become maximal among all A,B possibilities in the 1D Coulomb
branch case, making the significance of multiple relative global symmetry maxima clear.
Treatment of the general A,B case however becomes necessary when there is more than
one component of ∆ in the base. This is perhaps most clear when we consider that many
quivers demand such A,B > 0 assignments to achieve a specified gauge enhancement.
Tabulation of the global symmetries which may be achieved for general A,B even for
single curve theories thus becomes of interest. This data is an immediate outcome of our
approach in the present work.
For each allowed model, we can compute the minimal local contributions and in
some cases, as we have seen in the example above, we can gather information about the
monodromy. Here we restrict to A = B = 0, since from the above this is the primary case
in the 1D Coulomb branch case; generalizations to A,B > 0 are treated in Chapter 2.
We restrict our attention to intersections for type In, n ≥ 2, since these are the curves
carrying a non-abelian gauge algebra. In Table A.2, we used b.p. to indicate that both
monodromies on type In are possible.
A.2 The Tate algorithm for the I∗n case
In this appendix, we collect the general forms for I∗n for n ≥ 1, taken from [20]. Let
{σ = 0} carry type I∗n. We write the quantities f , g and ∆ as expansions in the variable










3 + (g˜4 − 13u1f3)σ4 +O(σ5) ,
∆ = 4u31g˜4σ
7 +O(σ8) , (A.34)
where we set g˜j = gj +
1
3
u1fj−1 for j ≥ 4.
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n gauge algebra a˜ b˜ d˜
I∗0 ≥ 2 sp([n/2]) 0 0 n
IV 2 su(2) 0 2 4
IV 3 b.p. 1 2 4
IV 3 su(2) 0 3 6
IV 4 sp(2) 0 4 8
IV 5 sp(2) 0 5 10
IV 6 sp(3) 0 6 12
IV ≥ 7 sp([n/2]) 0 n 2n
III 2 su(2) 1 1 3
III 3 b.p. 2 2 6
III 4 sp(2) 2 2 6
III 4 su(4) 2 3 6
III 5 sp(2) 3 3 9
III 6 sp(3) 3 3 9
III ≥ 7 sp([n/2]) dn/2e dn/2e 3dn/2e














4 + (g˜5 − 13u1f4)σ5 +O(σ6) ,
∆ = u21
(
4u1g˜5 − f 23
)
σ8 +O(σ9) . (A.35)
Summary for I∗3


































0 − f4s20t2 − t32
)
σ9 +O(σ10) , (A.36)
where µ1 is square-free.
The case n ≥ 4 is fully captured by an induction argument similar to the one pre-
sented in the previous appendix for type In.
Summary for I∗n≥4
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For the even case, n = 2m, we have
u = u1σ + u2σ
2 + · · ·+ umσm ,
v = vm+2σ
m+2 + vm+3σ
m+3 + · · · ,
w = w2m+3σ
2m+3 + w2m+4σ
2m+4 + · · · , (A.37)
while for the odd case, n = 2m+ 1, we have
u = u1σ + u2σ
2 + · · ·+ um+1σm+1 ,
v = vm+3σ
m+3 + vm+4σ
m+4 + · · · ,
w = w2m+4σ
2m+4 + w2m+5σ
2m+5 + · · · , (A.38)
where f , g and ∆ are as in (A.25).
Summary of intersection restrictions
Here we summarize local models of intersections involving a type I∗n curve and a
non-compact transverse curve. Table A.3 gives upper bounds on n for the permitted
intersections between I∗n curve with transverse curves bearing various other Kodaira
type singularities. The symbol ‘-’ indicates that this possibility is not permitted for
the indicated Kodaira type on the transverse curve, while the symbol ‘X’ represents a
non-minimal intersection for all n ≥ 1.
A = B = 0 A = 1 A ≥ 2 B = 1 B ≥ 2
II∗ X X X - -
III∗ X - - X X
IV∗ X X X - -
I∗0 X X X X X
I∗p≥1 X - - - -
IV X X X - -
III X - - X X
II 1 1 1 - -
Table A.3: Intersections permitted for type I∗n.
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Appendix B
New restrictions on 6D SCFT gauge
enhancements
In this appendix, we collect the discrepancies between gauge enhancements described
in [16] and those found by tracking Kodaira type intersection restrictions. Briefly, the
restrictions introduced in this work are (strictly) tighter, differing only in a minority
of cases. To make this comparison, we employ the computer algebra routines accom-
panying [16] given in ‘fiber enhancements.nb’ to produce the enhancements permitted
by [16]. Our resulting comparisons are properly drawn after editing a few lines of code
in ‘fiber enhancements.nb’ as detailed in this section. To simplify our comparisons, we
replace all occurrences of su(2) with sp(1).
B.1 Linear link enhancements
B.1.1 Consequences of so(13) GS constraints
We first note the restriction that so(13) can only occur on a curve of negative self-
intersection m = 2 or m = 4. The F-theory global symmetry from [6] for such a curve,
sp(5) is independent of m, in contrast to the field theory global symmetry given by
sp(9 + Σ2). When m = 4, these agree, but for m = 2, we find restrictions beyond the [16]
enhancements as a result. For the quivers 21 and 214 . . . , the enhancements allowed
by [16] include so(13), sp(7), (. . . ). These are not compatible with the F-theory global
symmetry restrictions (though permitted by field theory).
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B.1.2 Link enhancement comparisons comments
The base 213
We have constructed a modification of the notebook ‘fiber enhancements.nb’ which
was supplied with [16]. Selected edits and repackaging allow us to make a direct compari-
son for link enhancements permitted via our algorithms and those of [16]. In this section,
we detail the modifications we make to the core elements of ‘fiber enhancements.nb’ and
discuss the resulting comparisons for link gauge enhancements.
We first edit a loop index for assigning family of enhancements to the quiver 213
which produces sp(0) and sp(−1) in the function ‘evenmorefor213.’





also appear in the ‘fiber enhancements.nb’ outputs before modification. Since these may
not be allowed, we edit the first loop index edit as detailed shortly. Note that by inspec-
tion of [16] Figure 3, if we set P≥2 = 0 and P1 = 2, i.e. if we study the configuration 21
with su(2) on the −2, we find that on the −1 we have sp(M0) with M0 ≤ 2.
More generally, on a −2 with su(n), the maximal intersection can be I2n, that is sp(n).
For the quiver 213, among the hard-coded triplets in ‘fiber enhancements.nb’ is a double
appearance of
su(2), n0, so(11),
one occurrence of which we replace with su(2), n0, so(12) as the latter appears also obeys
the E8 gauging condition. Other permitted enhancements with bare −1 center curve
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so(10) n0 su(3) .
(B.2)
The aforementioned loop index edit for the ‘evenmorefor213’ loop revises the indexing to
read
evenmorefor213 = Flatten[Table[{su[nl], sp[nm], so[nr]}, {nl, 2, 20},
{nr, 7, 12},
{nm, Max[Ceiling[(2 nl + nr - 16)/4], 1], Min[nl, nr - 7 + 2 KroneckerDelta[nr, 7]}]],
This bounds the loop to prevent the sp(−1) and sp(0). We revise the final loop index
from ‘Min[2 nl, nr - 7 + KroneckerDelta[nr, 7]’, allowing agreement with p.49 [16] re-
strictions, the p.57 21(−) convexity condition, and the sp(2), so(7) permitted assignment
for the base 13, the latter taken care of via revision of the loop indices of ‘morefor213’
to allow sp(2), so(7) on 13. In hopes of keeping all trivial algebra assignments to a curve
consistently written as n0 terms rather than allowing sp(0) terms, we treat all such ad-
ditions by adding hard-coded triplets. A final change we make to this loop index is an
adjustment to make the upper index to be larger, the result involving a replacement of a




{ nl, 7, 13},
{ nr, 7, 12},
{ nm,
Max[Ceiling[(nl + nr - 16 + KroneckerDelta[nr, 7])/4], 1],
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Min[nl - 6 + 3 KroneckerDelta[nl, 7], nr - 7 + 2† KroneckerDelta[nr, 7]]}], 2].
The base 13
We edit the hard-coded algebras for the base 13 to include sp(2), so(7) as an en-
hancement since this appears to be permitted by all anomaly cancellation and geometric
restrictions known to us.
B.1.3 Check of above edits
Running the independent approach of checking Kodaira types with permitted van-
ishing counts and all intersections obeying global symmetry constraints gives agreement
on the full set of linear links after making the edits above.
B.2 Enhancements of branching links
B.2.1 Barring a g2 trifecta branching from f4











that we can exclude by residuals counts together with Kodaira type requirements. Note
that for a gaugeless curve to support an f4,g2 neighbor pair, it must be a type II curve.
This leaves only
3 1 5 1 3
1
3




for the possibility of Kodaira type assignments. However, even this is not allowed since
there are four available vanishings of ∆˜ along the −5 curve with f4 algebra, though each
type II curve intersection contributes two vanishings.
Consequences
This eliminates several enhancements permitted by [16], precisely one on each of the
subquivers containing the above enhancement on the relevant subquiver. All such links











B.2.2 Two remaining branching link enhancement mismatches
An additional branching link enhancement
The enhancement given by
(2, sp(1)) (3, so(7)) (1,−)
(1,−)
is not allowed via ‘fiber enhancements.nb’ of [16] but appears to be viable.
A restricted branching link enhancement
The enhancement
(2, sp(1)) (3, so(7)) (1,−) (3, so(9))
(2, sp(1))
is permitted in [16] ‘fiber enhancements.nb’ as it appears to pass the E8 gauging con-
dition check and anomaly cancellation requirements. However, we can rule out this
enhancement through consideration of Kodaira types which realize the relevant algebras
as follows.
First, we note that for an intersection with the −2 curves having so(7) algebras these
curves must have Kodaira type III (IV is not allowed for other reasons but would still
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prevent the configuration). This means that of the 6 residuals in ∆˜ available at the −3
curve, we have used three for each −2 curve intersection, leaving none available for the
−1 curve to carry any type other than I0. However, the −1 curve cannot have type I0
since it is required to have 6 + 7 vanishings of its ∆˜ to support intersections with its
neighboring curves which necessarily have Kodaira types I∗ss0 and I
∗ns
1 from their algebra
content and hence orders contributions to the −1 given by at least 6 and 7, respectively.
B.2.3 Summary for branching links
On all enhancements other than those mentioned above, we find agreement with those
appearing from ‘fiber enhancements.nb’ from [16].
B.3 Summary of link comparisons
After compensating for the aforementioned differences, we find agreement with the
gauge enhancement structure on all links. In other words, we have explicitly checked that
there is a choice of Kodaira assignment and chosen orders of f, g,∆ along each curve of the
link which meet all intersection contribution tallying requirements and global symmetry





In this section we collect methods written for a computer algebra system. These may
allow adaptation for other purposes, though the primary focus in their development has
been the computation of 6D SCFT global symmetries. There are three main groupings
of methods. The first collection of methods permits computation of the gauge algebras
allowed in 6D SCFTs from geometric considerations. The next collection of methods
permits handling of semisimple lie algebra inclusion rules in a manner compatible with
the goals of this project. The final grouping serves for the study of global symmetries.
Several methods in the first grouping also play a critical dual purpose role. The reason
for this is that many of the restrictions on which Kodaira types may be paired in curve
collisions often hold even when one of the curves is non-compact.
A summary of the algorithm determining gauge enhancements and global symme-
tries for each enhancement on a quiver follows. In practice, the methods are somewhat
more complicated than indicated due to the necessity of computational efficiency boosts.
These involve ‘sewing’ results by combining shorter quivers together to treat longer quiv-
ers, storage of partial results during computation, writing data to file for later use and
presentation in text, and enabling parallel computation. Since these are non-essential to
the underlying algorithm, we will not discuss these aspects here, instead providing the
precise work-flow via inclusion of functioning computer algebra code implementing the
procedure.
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Given a quiver, 1 our algorithm finds all gauge algebras on a quiver while tracking
the Kodaira types achieving these algebras. For each of these type assignments, it will
then find all possible global symmetry algebras. This process begins by assigning all
possible orders of vanishing to each of the curves in the quiver compatible with non-
minimality up to some user specified maximum values for additional orders of vanishing
in f, g for each Kodaira type. Each type assignment is then endowed with every naively
possible monodromy assignment. Each type with monodromy assignment then is sent for
tabulation of intersection contributions. If these contributions are less than the maximum
number of contributions allowed on each curve in the quiver, this assignment is checked
against known restrictions for pairwise intersections of compact curves with gauge algebra
assignments. Passing pairs move to the next stage. Each length three subquiver is
then checked against known restrictions on length three quiver Kodaira type and gauge
assignments. Branching quivers are then checked against restrictions of transverse trios
meeting each junction derived in [6, 24]. The resulting list determines the allowed gauge
enhancements for the given quiver.
After gauge assignments are completed, the resulting permitted list of type assign-
ments with associated gauge algebra options are checked for allowed global symmetry
options. This is achieved by assigning every possible transverse collection of Kodaira
types carrying non-trivial gauge algebra at each curve in the quiver. Each collection is
checked against known pair restrictions for compact and non-compact pair intersections.
Then intersection contributions from collection of curves transverse to a given curve is
tabulated after forming all possible transverse curve lists on the entire quiver. If the
resulting contributions are less than those allowed at each curve in the quiver, the collec-
tion proceeds to further checks and is otherwise discarded. Each pair, triple, and quartet
of curves transverse to the curves of the quiver are checked against known global sym-
metry restrictions for curves with specified enhancement. The resulting list determines
all possible global symmetry summands.
Each non-compact collection for a given enhancement is then associated to an alge-
bra. The relatively maximal algebras of those that may occur for the enhancement are
determined via semisimple Lie algebra inclusion rules and analyses of maximal semisim-
ple Lie subalgebras due to [11] (available in translation as [10]). These are the global
1Rogue bases make the statement here less clean; so, let us separate the statements for these quivers.
The core algorithm applies identically for rogue bases. However, since we include an argument giving
an upper bound on the algebra rank which shall occur in any enhancement to make the algorithm
finite through bypassing the infinity of enhancements permitted on a rogue base, we require somewhat
awkward statements extending those we provide in the obvious fashion with this caveat of user maximal
algebra rank upper bound entry.
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symmetry algebras for the enhancement. Those non-compact collections with strictly
smaller associated algebras are discarded and the resulting list returned.
The methods achieving this algorithm appear in the following subsection, written in
‘Mathematica’ syntax. A repackaged version of the program provided in conjunction
with [16] is included along with methods allowing direct comparisons of enhancements
described in the literature and those we compute via other methods enabling tracking
of geometric data not previously available.2 We essentially find agreement for the en-
hancements permitted on all links with those permitted via [16] and, as a consequence,
also for all known 6D SCFTs with a handful of exceptions where we find slightly tighter
geometric constraints on F-theory bases as detailed in Appendix B.
C.0.1 Computer algebra implementation of gauge and global
symmetry computations
We now present a collection of computer algebra routines which enable various com-
putations including the main algorithms discussed above. These have not been optimized
for computational efficiency. As noted above, some streamlining has been achieved via
‘sewing’ of results on shorter quivers, resulting in a reduced algorithmic complexity mak-
ing computations for links feasible on a typical laptop circa 2016.
2Minor revisions have been made in the repackaged version to correct a faulty loop index and a few
hard-coded triplets as required to match the literature. These are indicated in the code comments and
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��[��������� ����������������� = ���������������]�
(* ���� ����� ������ *)
(* �������� ����������������� ����� ���� ����
�� ���� ��� ���� ��� �� ��� ���� �� ������� ��� ������� ���
����������������� = {{���}�{�����}�{���������}}�
��� ��� ��� ����� �� ���� ������� �� ��� ���� ����� ���� ��������
����� �������� ��� �� ��� �� ������� �� ������
���� ��� ��� ������ ���� ������ ����� ���� ��� ����� ����� ��������
��������� �� ��� ���� ����� *)
(* ��������������� ������ �������� �� ������ ��[�] ��� ��[-�]
���� ��� ������ ����� (������� ����� �� ������ ��� �� ���� ������� ������) *)
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��������������[����_� ���������_� ����] �= ������[{��������� �������� �� �� ������}�




���[� = �� � ≤ ������[��������]� �++�
������ = ������
���[� = �� � ≤ ������[��������[[�]]]� �++�
��[��������[��������[[�� �]] ] ⩵ ��������[��[-�]]� ������ = ����� �����[]� ]�
��[��������[��������[[�� �]] ] ⩵ ��������[��[�]]� ��������[[�� �]] = �[�]�]�
��[��������[��������[[�� �]] ] ⩵ ��������[��[�]]
�� ��������������������� ⩵ ������ ��������[[�� �]] = ��[�]�]�]�
��[������ ⩵ ������ ��������[�������� ��������[[�]]]� �
��������[]�]�]�
������[�������]�]�
(* ��� ���������� ��� ������ ������ ���� �� �� ��� ��������� ���������� *)
(* ��� ����� �� ��� ������� ��� ������� ���� ���� ��� ��
�� ���� �� ��� �� ���� ���������� ���� ��� ����� ����� ��������� *)
������������� = ��[�]�
�������������� = ��[�]�
(*��� ���� ����--�������� ���� �� ��� ����� ���� �������� ���� �� ��� ��� ���� ��� ���� ����������*)(*��� ����� ����--�������� ���� �� ��� ����� ���� �������� ���� �� ��� ��� ���� ��� ���� ����������*)
(*����� ���� �� ��������
�� �� ��� ���� �� ��� ����� �� �� ���� ���� �� ���� ����������� ��� ����� ������� �������)� ����
��������� ���� ��� ����� ������� ������ ��������� ��� ��� ��� ��� ������
�� ������ �� ��� �� ��� ��� ���� ���������� *)
(* ������ ���� ����������� *)
(* ��������� ������ ���� *)
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���������������������[����_] �=
������[{������ �������� ���� ���� ���� ��������� ��}�
����� = (�����[����] ≥ �)�
�����[��[! ������ ������[ �����[�����[-����[[�]]*��������������[�� �]+ ��������������[�� � - �] + ��������������[�� � + �]�{�� �� ������[����]}]� {�� �� ������[����]}]]
�(
��� = �����[������[����[[�]]]� {�� �� ������[����]}]�
������� = ���������[��������[���� �]][[�]]�
��� = �����[�����[��[�����[�������� �] ⩵ � �� �����[�������� �] ⩵ ��-����[[�]]*��������������[�� �] + ��������������[�� � - �] + ��������������[�� � + �]�
��[�����[�������� �] ⩵ � �� �����[�������� �] ≠ ��{-����[[�]]*��������������[�� �]+ ��������������[�� � - �] + ��������������[�� � + �]� �}�
��[�����[�������� �] != � �� �����[�������� �] ⩵ ��
��������������[�� � - �] + ��������������[�� � + �]�
��[�����[�������� �] != � �� �����[�������� �] != � �� � ≠ ��{�� �}�
��[�����[�������� �] != � �� �����[�������� �] != � �� � ⩵ ��{-����[[�� �]]� �}�
�]]]]]
� {�� �� ������[����]}]� {�� �� ������[����]}]�
���[�� = �� �� ≤ ������[�������]� ��++�
��� = �������[[��]]�
�������� = �����[��[� ⩵ ���� {�� -����[[�� �]]}�
��[�����[�������� �] != �� {�� �}� �]]� {�� �� ������[����]}] // ��������
��� = �����[�������[���[[�]]]� {�� �� ������[���]}]�
��� = ������[���� ��������� ��� + ��]�]�)]�]�
������[���]�]�
(* ��� ������ ����� �������� �������� ���� ����� �� �� �������
��� ������� ����� ��������� �� ������ �� ������ *)
�����������[����_] �= ������[{������������}�
�����[
������������ = ���[�����[������[����[[�]]]� {�� �� ������[����]}]]�
��[������������ ≤ � �� �����[����] ≤ �
�� ! �����������������������[-���������������������[����]]�
�����[���� �� ���������� ����!�� ����]�]�]�]�
(* ��� ���� ������ ����������� ������� �������� �������� ��� ����� ������ ��
������������������[������� ������������� �������������]
��� ������������������[{�����}� �[�]� �[�]]
����� ��� ���� ��� ��������� ��� ��� ���� ������� ������ �� �� ��� �� ����� *)
������������������[���������_� �������������_� ��������������_] �=
������[{��������� ���������� ��������� ���������� �����������
������������ ���������� ����������� ������������ ����������������� ����������������
������������������� ����������������������� ������������������� �������� �����������
��������������� ��������������� ����������� �������� ������������ ����������������
������������ ���������� ���������� �������������� ���������� �������� ��������
������������ ���������� ��������� ������������ ����� ������������ �� �� ��
�������������������� ������������ ��������������� ������������������ ��� ��� ��}�
�����������[���������]�
������� = {}�
��[���������[[�]] ⩵ � �� ��������[�������������] ⩵ ���[�]��
�������� = ��[�]�� �������� = ��������������]�
��[���������[[-�]] ⩵ � �� ��������[��������������] ⩵ ���[�]��
��������� = ��[�]�� ��������� = ���������������
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]�
�������� = ��������������[��������[��������]� �[�][[�� �]]�
���������� = ��������������[��������[��������]� �]�][[�� �]]�
������������[����������[��������[��������]� {�������� + �� ���������� - �}]]�
�������� = ��������������[��������[��������]� �[�][[�� �]]�
���������� = ��������������[��������[��������]� �]�][[�� �]]�
��������� = ��������������[��������[���������]� �[�][[�� �]]�
����������� = ��������������[��������[���������]� �]�][[�� �]]�
��������� = ��
��[���������[[�]] ⩵ ��
���������� = ���[�*������������[����������[��������[��������]� {�������� + �� ���������� - �}]]� �]��(*���������� ���� -��*)
���������� = ���[�*������������[����������[��������[��������]� {�������� + �� ���������� - �}]]� �]�
��������� = ���[�*������������[����������[��������[��������]� {�������� + �� ���������� - �}]]� �]�]�
��[���������[[-�]] ⩵ ��
����������� =
���[�*������������[����������[��������[���������]� {��������� + �� ����������� - �}]]� �]��(*���������� ���� -��*)
����������� =
���[�*������������[����������[��������[���������]� {��������� + �� ����������� - �}]]� �]�
��������� = ���[�*������������[����������[��������[���������]� {��������� + �� ����������� - �}]]� �]�]�
���������������� =
�������[�����[{��[��]� ��[��]� ��[��]}� {��� �� ���[����������� �����������]*(������[���������] - �)}�{��� �� ���[����������� �����������]*(������[���������] - �)}�{��� �������[(�� + ��)/�]� ���[� ��� � ��]}]� �]�
���������������[�� �� �] = ����[{{�[�]� ��[�]� �[�]}� {��[�]� ��[�]� ��[�]}(*�{��[�]���[�]��[�]}*)� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}�{�[�]� ��[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]}}� ����������������]�
���������������[�� �� �] = ����������������[�������[�����[{���������������[�� �� �][[�]]�
�������[���������������[�� �� �][[�]]]}� {�� �� ������[���������������[�� �� �]]}]� �]]�
������������������ = �������[�����[{��[��]� ��[��]� �[�]}� {��� �� �}�{��� ���[�� �������[��/�]]� � ��}]� �]�
���������������������� = �������[�����[{��[��]� ��[��]� ��[��]}� {��� ���������/�� ���������/�}�{��� �� � (�� + � + ��������������[��� �] + ��������������[��� �]) - ��}�{��� �������[(�� + ��)/�]� ���[� ��� (�� + � + ��������������[��� �] + ��������������[��� �])]}]� �]�
������������������ = �������[�����[{��[��]� ��[��]� ��[��]}� {��� ���������/�� ���������/�}�{��� �� � (� �� + �) - ��}� {��� �������[(�� + ��)/�]� ���[� ��� � �� + �]}]� �]�
���������������[�� �� �] = ����[{{�[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}�{��[�]� �[�]� �[�]}� {�[�]� ��[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� ��[�]� ��[�]}�{��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}� {�[�]� ��[�]� �[�]}�{�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}(*�{�[�]���[�]���[�]}*)}�
������������������� ����������������������� ������������������]�
���������������[�� �� �] = �����[�������[���������������[�� �� �][[�]]]�{�� �� ������[���������������[�� �� �]]}]�
(*���� ���� ��� ��������� ����������� �� ���� �������� ������� �� ��� �����*)
�������[�� �� �] =
����[{{�[�]� ��[�]� �[�]}� {��[�]� ��[�]� ��[�]}(*�{��[�]���[�]��[�]}*)� {��[�]� ��[�]� �[�]}�{��[�]� ��[�]� �[�]}� {�[�]� ��[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]}}�
�������[�����[{��[��]� ��[��]� ��[�]}� {��� �� �}� {��� �� � �� - �}]� �]�
�������[�����[{��[��]� ��[��]� ��[�]}� {��� �� �}� {��� �� � �� - �}]� �]]�
�������[�� �� �] = ����������������[�������[�����[{�������[�� �� �][[�]]� �������[�������[�� �� �][[�]]]}�{�� �� ������[�������[�� �� �]]}]� �]]�
�������������� = �������[�����[{��[��]� ��[��]� ��[��]}� {��� �� ��}�{��� �� ��}� {��� ���[�������[(� �� + �� - ��)/�]� �]�
���[��� �� - � + � ��������������[��� �] (* ���� �� ������ ���� ��� ������
����� �� �������� ���� �� ���[� �����-�+��������������[����]� ��� �� �� ������ �����
���� ��� ����� ��� ����� �� ������� ������� ��� �� ��-�� ��� ����� ��� �������
�� ���� ������ ��� ��� ����� ���� ������ ���� ���� ����������� ���� ���� ����
����� ��� ��� �� �� �� ���� ������������� ��������� ����������� ���� ���� ����
���� ��� ��� ����� ���� ��������� ��������� (������ ���>��_�) *) ]}]� �]�
���������� = �������[�����[{��[��]� ��[��]� ��[��]}� {��� �� ��}� {��� �� ��}�{��� ���[�������[(�� + �� - �� + ��������������[��� �])/�]� �](* ����� ������ ��� �[�] ������ ���� ���������� �� ���������� *)�
���[�� - � + �(*���� ���� �� ���� � �������������������� �� ������ ��� ��� ������ ���
�� ��<->��� �� �� �� ��� ���� ���� �� ����� ������������
�� �� ���� ������ ���� ���� �*������������� *) ��������������[��� �]�
�� - � + �(* ���� ���� �*���������� �� ��� ��� �� �� ������ ���� �*�����������������
������ ��� ��� ���� ��� [��� �� ���] �� �������� �� �����
���� �� ����� ���� ����� ��� ����� ��� ������ ���� �� -��-� ��� ��� ����� �������� �� ����� �� ���� ������� *) ��������������[��� �]]}]� �]�
�������[�� �� �] = ����[{{�[�]� �[�]� ��[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� ��[�]}�{�[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[��]}� {�[�]� �[�]� ��[��]}�{�[�]� �[�]� ��[��]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}�
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{��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}�{��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[��]}�{��[�]� �[�]� ��[��]}� {��[�]� �[�]� ��[��]}� {��[�]� �[�]� ��[��]}� {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[��]}(* ���� ��� ���� ������ ���� ��[��]� ������� �� ��� ����� �{��[�]��[�]��[�]}�{��[�]��[�]��[�]}�{��[�]��[�]��[�]}�� ���� ���� �� ��� ����� ���� ������ *)�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}(* �� ��� ���� �� ������� {�[�]��[�]���[�]}�{��[�]��[�]���[�]}�{��[�]��[�]���[�]}�{��[�]��[�]���[�]}�{��[��]��[�]���[�]} �� ��� ����� ������� �� ��-��������� ��� *)�(* ����� ��� ����� ������ ������ ��� ��������� �������� *){��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {�[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[��]� �[�]� ��[�]}�(* ��� ����� ������ ������ *){��[�]� �[�]� ��[�]}� {�[�]� ��[�]� �[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}�{�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}�{�[�]� �[�]� ��[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}�{�[�]� �[�]� �[�]}� {�[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]}�{�[�]� �[�]� �[�]}� {�[�]� �[�]� ��[�]}� {�[�]� ��[�]� �[�]}� {�[�]� ��[�]� ��[�]}�{�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}�{�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[��]}�{�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}�{�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {��[�]� ��[�]� �[�]}�{��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}�{��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[��]� ��[�]� �[�]}�{��[��]� ��[�]� �[�]}� {��[��]� ��[�]� �[�]}� {��[��]� ��[�]� �[�]}}� ����������� ��������������]�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�(*���� ���� ��� ��������� ��� ����������� �� ���� �������� ������� �� ��� �����*)
�������[�� �� �] = {{�[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]} �{��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� �[�]� �[�]}�{�[�]� ��[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}�{��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� �[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�
�������[�� �� �] = {{�[�]� ��[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�
�������[�� �� �] = {{��[�]� ��[�]� ��[�]}}�
�������[�� �� �] = {{�[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�
�������[�� �� �] = {{��[�]� �[�]� �[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�
�������[�� �� �] = {{�[�]� ��[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� ��[�]� �[�]}� {�[�]� ��[�]� �[�]}�{�[�]� ��[�]� �[�]}� {�[�]� ��[��]� �[�]}� {�[�]� ��[��]� �[�]}� {�[�]� ��[��]� �[�]}�{�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� ��[�]� �[�]}�{��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}� {��[�]� ��[�]� �[�]}�{��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}�{��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}�{��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}� {��[�]� ��[��]� �[�]}�{��[�]� �[�]� �[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}�{��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}�{��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}�{��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}� {��[�]� ��[��]� ��[�]}}�
�������[�� �� �] = ����������������[�������[�����[{�������[�� �� �][[�]]� �������[�������[�� �� �][[�]]]}�{�� �� ������[�������[�� �� �]]}]� �]]�
���������� = {{�[�]� ��[�]� �[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}� {�[�]� ��[�]� ��[�]}�{�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {�[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[�]}�{��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[��]}�{��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[��]}�{��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]}�{��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[��]}� {��[�]� ��[�]� ��[��]}}�
�������������� = �������[�����[{��[��]� ��[��]� ��[��]}� {��� �� ��}�{��� �� ��}� {��� �������[(�� + �� - ��)/�]� ���[�� - �� �� - �]}]� �]�
�������[�� �� �] = ����[{{��[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]}�{�[�]� �[�]� ��[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]}� {��[�]� �[�]� ��[�]}� {��[��]� �[�]� ��[�]}� {��[�]� �[�]� �[�]}�{��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� ��[�]} � {��[�]� �[�]� ��[�]}�{��[�]� �[�]� ��[�]} � {��[�]� �[�]� ��[�]}}� ����������� ��������������]�
�������[�� �� �] = ����������������[�������[�����[{�������[�� �� �][[�]]� �������[�������[�� �� �][[�]]]}�{�� �� ������[�������[�� �� �]]}]� �]]�
�������[�� �� �] = {{�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}}�
�������[�� �� �] = ����������������[�������[
�����[{�������[�� �� �][[�]]� �������[�������[�� �� �][[�]]]}� {�� �� ������[�������[�� �� �]]}]� �]]�
�������[�� �� �] = {{��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�
�������[�� �� �] = {{�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]�
�[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {��[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]}}�
�������[�� �� �] = �����[�������[�������[�� �� �][[�]]]� {�� �� ������[�������[�� �� �]]}]�(*��� ��������� ��� �������� ���������� �� ���� ��� ����� ������*)
�������[�� �� �� �] = {{��[�]� ��[�]� �[�]� ��[�]}}�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
164
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = {{��[�]� �[�]� �[�]� �[�]}� {��[�]� ��[�]� �[�]� ��[�]}}�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = {{�[�]� �[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]� �[�]}� {�[�]� �[�]� �[�]� �[�]}}�
�������[�� �� �� �] = {{�[�]� �[�]� �[�]� ��[�]}}�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�������[�� �� �� �] = �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
����������� = �������[�����[{��[��]� ��[��]� ��[��]� ��[��]}� {��� �� ���[����������� �����������]*(������[���������] - �)}� {��� �� ���[����������� �����������]*(������[���������] - �)}�{��� �� ���[����������� �����������]*(������[���������] - �)}�{��� �������[(�� + �� + ��)/�]� ���[{� ��� � ��� � ��}]}]� �]�
�������[�� �� �� �] = ����[{{��[�]� ��[�]� ��[�]� ��[�]}� {��[�]� ��[�]� ��[�]� �[�]}�{�[�]� �[�]� �[�]� ��[�]}� {�[�]� �[�]� ��[�]� ��[�]}(*�{�[�]��[�]���[�]���[�]}*)}� �����������]�(*���� �� ������� ������������ �� ����� ����� �����*)
�������[�� �� �� �] = ����������������[
����[�������[�� �� �� �]� �����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]�
�����[{�������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]� �������[�� �� �� �][[�� �]]�
�������[�� �� �� �][[�� �]]}� {�� �� ������[�������[�� �� �� �]]}]]]�
�����������[�� �] = {(* {��[�]���[�]}� ������ ����������� ��� ���� ��� ���� ������ ��
���� ���� ����� ������ �� �� ����� ��� ������������ *) {��[�]� ��[�]}� {�[�]� ��[�]}�{�[�]� �[�]}� {�[�]� �[�]}� {�[�]� �[�]}� {�[�]� �[�]}� {�[�]� ��[�]}� {�[�]� ��[�]}�{�[�]� ��[�]}� {�[�]� ��[��]}� {�[�]� ��[��]}� {�[�]� ��[��]}� {��[�]� �[�]}� {��[�]� ��[�]}�{��[�]� ��[�]}� {��[�]� ��[�]}� {��[�]� ��[�]}� {��[�]� ��[��]}� {��[�]� ��[��]}�{��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}�{��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}� {��[�]� ��[��]}}�
�����������[�� �] = �����[�������[�����������[�� �][[�]]]� {�� �� ������[�����������[�� �]]}]�
�����������[�� �] = {{�[�]� �[�]}� {�[�]� �[�]}� {�[�]� �[�]}}�
�����������[�� �] = �����[�������[�����������[�� �][[�]]]� {�� �� ������[�����������[�� �]]}]�
�����������[�� �] = {{��[�]� �[�]}� {��[�]� ��[�]}}�
�����������[�� �] = �����[�������[�����������[�� �][[�]]]� {�� �� ������[�����������[�� �]]}]�
��������� = �������[
�����[{��[��]� ��[��]}� {��� �� ���[����������� �����������]}� {��� ���[�� �������[��/�]]� � ��}]� �]�
�������[�� �] = ����[{{�[�]� �[�]}� {��[�]� �[�]}� {��[�]� ��[�]}� {�[�]� ��[�]}}� ���������]�
�������[�� �] = ����������������[
����[�������[�� �]� �����[�������[�������[�� �][[�]]]� {�� �� ������[�������[�� �]]}]]]�
��������� = �������[�����[{��[��]� ��[��]}� {��� �� ��}� {��� �� �� - �}]� �]�
������������� = �������[�����[{��[��]� ��[��]}�{��� �� ���[����������� �����������]}� {��� ���[�� �������[(�� - �)/�]]� ��}]� �]�
��������� = �������[�����[{��[��]� ��[��]}� {��� �� ���[����������� �����������]}�{��� ���[�� �������[��/�]]� �� + � + ��������������[��� �] + ��������������[��� �]}]� �]�
�������[�� �] = ����[{{�[�]� �[�]}� {��[�]� ��[�]}� {��[�]� ��[�]}� {��[�]� ��[�]}� {��[�]� ��[�]}�{��[�]� ��[�]}� {��[�]� ��[�]}� {�[�]� ��[�]}� {�[�]� ��[�]}� {�[�]� ��[�]}� {�[�]� ��[�]}�{��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}�{��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[�]� �[�]}� {��[��]� �[�]}�{��[��]� �[�]}� {��[��]� �[�]}� {��[��]� �[�]}� {�[�]� �[�]}� {�[�]� �[�]}� {�[�]� �[�]}�{�[�]� ��[�]}� {��[�]� �[�]}� {��[�]� ��[�]}}� ���������� �������������� ���������]�
�������[�� �] = �����[�������[�������[�� �][[�]]]� {�� �� ������[�������[�� �]]}]�
(* ��� ��� ��������� ���� *)
�����[
��[���[�������[���������]] ⩵ ��(*��� ���� �� ��������--�� ���� �� ��� ��� ���� ��� ����� ������*)
��[������[���������] ⩵ ��
������� = {}�
����������� = �������[���������[[�]]� ���������[[�]]]�
���[� = �� � ≤ ������[�����������]� �++�
��[��������[�����������[[�� �]]] ⩵ ��������[��������] ��
��������[�����������[[�� �]]] ⩵ ��������[���������]�
������� = {��������� ���������}�]�]�
165
�
��[������[���������] ⩵ � �� �����[���������] ⩵ ��
��������� = ���������������[���������[[�]]� ���������[[�]]� ���������[[�]]]�
�������� = {}�
���[� = �� � ≤ ������[���������]� �++�
��[��������[���������[[�� �]]] ⩵ ��������[��������] ��
��������[���������[[�� �]]] ⩵ ��������[���������]�
�������� = ������[��������� ���������[[�]]]�]�]�
������� = ���������
�(*���� �� ���� ��� ������ �� ������ ���� ��
�� ���� �-������� ���� �� ������ ��� ������� ���� �� �����*)
��[�����[���������] ⩵ ��
����������� = ���������������[���������[[�]]� ���������[[�]]� ���������[[�]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
��[��������[�����������[[�� �]]] ⩵ ��������[��������]�
�������� = ������[��������� �����������[[�]]]�]�]�
����������� = ���������
���[� = �� � ≤ ������[���������] - �� �++�
����������� = ���������������[���������[[� - �]]� ���������[[�]]� ���������[[� + �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� -�]] ⩵ �����������[[�� �]] ��
�����������[[�� -�]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ������[�����������[[�]]� �����������[[�� �]]]]�]�]�]�
����������� = ���������]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
��[��������[�����������[[�� -�]]] ⩵ ��������[���������]�
�������� = ������[��������� �����������[[�]]]�]�]�
����������� = ���������
������� = ������������
�(*���� �� ���� ��� ���� �� �-������*)
���� = ��������[�����[�����[���������[[�]]]� {�� �� ������[���������]}]� �][[�� �]]�
����������� =
�����[��[� ≠ ����� ���������[[�]]� ���������[[�� �]]]� {�� �� ������[���������]}]�
����������� = ���������������[�����������[[�]]� �����������[[�]]� �����������[[�]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
��[��������[�����������[[�� �]]] ⩵ ��������[��������]�
�������� = ������[��������� �����������[[�]]]�]�]�
����������� = ���������
���[� = �� � ≤ ������[�����������] - �� �++�
����������� = ���������������[�����������[[� - �]]� �����������[[�]]� �����������[[� + �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� -�]] ⩵ �����������[[�� �]] ��
�����������[[�� -�]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ������[�����������[[�]]� �����������[[�� �]]]]�]�]�]�
����������� = ���������]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
��[��������[�����������[[�� -�]]] ⩵ ��������[���������]�
�������� = ������[��������� �����������[[�]]]�]�]�
����������� = ���������(*�� ���� ������ ����� ������� ��� ������ ���� �� ���
����� ��� ���� ���� �� �� ��� ���� ������ ����� �������� ��� �-�����*)
����������� = �������[�����������[[���� - �]]� ���������[[����� �]]�
166
�����������[[���� + �]]� ���������[[����� �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� ���� - �]] ⩵ �����������[[�� �]] �� �����������[[�� ���� + �]] ⩵
�����������[[�� �]] �� �����������[[�� ����]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ����[����[�����������[[�]]� ���� - �]�{{�����������[[�� ����]]� �����������[[�� �]]}}�




�(*���� �� ���� ���� ��� ���� �� �������*)
��[������[���������] ⩵ ��
������� = �����������[���������[[�]]� ���������[[�]]]�
�
��[������[���������] ⩵ � �� �����[���������] ⩵ ��
������� = �������[���������[[�]]� ���������[[�]]� ���������[[�]]]�
�(*���� �� ���� ��� ������ �� ������ ���� �� �� ���� �-�������*)
��[�����[���������] ⩵ ��
����������� = �������[���������[[�]]� ���������[[�]]� ���������[[�]]]�
���[� = �� � ≤ ������[���������] - �� �++�
����������� = �������[���������[[� - �]]� ���������[[�]]� ���������[[� + �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� -�]] ⩵ �����������[[�� �]] ��
�����������[[�� -�]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ������[�����������[[�]]� �����������[[�� �]]]]�]�]�]�
����������� = ���������]�
������� = �������������(*���� �� ���� ��� ���� �� �-������*)
���� = ��������[�����[�����[���������[[�]]]� {�� �� ������[���������]}]� �][[�� �]]�
����������� =
�����[��[� ≠ ����� ���������[[�]]� ���������[[�� �]]]� {�� �� ������[���������]}]�
����������� = �������[�����������[[�]]� �����������[[�]]� �����������[[�]]]�
���[� = �� � ≤ ������[�����������] - �� �++�
����������� = �������[�����������[[� - �]]� �����������[[�]]� �����������[[� + �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� -�]] ⩵ �����������[[�� �]] ��
�����������[[�� -�]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ������[�����������[[�]]� �����������[[�� �]]]]�]�]�]�
����������� = ���������]�(*�� ���� ������ ����� ������� ��� ������ ���� �� ���
����� ��� ���� ���� �� �� ��� ���� ������ ����� �������� ��� �-�����*)
����������� = �������[�����������[[���� - �]]� ���������[[����� �]]�
�����������[[���� + �]]� ���������[[����� �]]]�
�������� = {}�
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[�����������]� �++�
��[�����������[[�� ���� - �]] ⩵ �����������[[�� �]] �� �����������[[�� ����]] ⩵
�����������[[�� �]] �� �����������[[�� ���� + �]] ⩵ �����������[[�� �]]�
�������� = ������[��������� ����[����[�����������[[�]]� ���� - �]�{{�����������[[�� ����]]� �����������[[�� �]]}}�







��[��������� ⩵ {�� {�� �� �}� �}�
������� ={{�[�]� {�[�]� �[�]� �[�]}� �[�]}� {�[�]� {�[�]� �[�]� �[�]}� �[�]}� {�[�]� {�[�]� �[�]� �[�]}� �[�]}}�]�
��[��������� ⩵ {�� {�� �� �}� �� �}�
������� = {{�[�]� {�[�]� �[�]� �[�]}� �[�]� ��[�]}� {�[�]� {�[�]� �[�]� �[�]}� �[�]� �[�]}�{�[�]� {�[�]� �[�]� �[�]}� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� {�� �� �}� �}�
������� = {{��[�]� �[�]� {�[�]� �[�]� �[�]}� �[�]}�{�[�]� �[�]� {�[�]� �[�]� �[�]}� �[�]}�{��[�]� �[�]� {�[�]� �[�]� �[�]}� �[�]}}�]�
��[��������� ⩵ {�� {�� �� �}� �� �� �}�
������� = {{�[�]� {�[�]� �[�]� �[�]}� �[�]� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� �� {�� �� �}� �}�
������� = {{��[�]� �[�]� �[�]� {�[�]� �[�]� �[�]}� �[�]}}�]�
��[��������� ⩵ {�� �� {�� {�� �}}� �� �}�
������� = {{��[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� ��[�]}�{�[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� ��[�]}� {��[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� ��[�]}�{��[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]}�{�[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� ��[�]}�{�[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]}�{��[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]}�{�[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]}�{��[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� �� {�� {�� �}}� �� �}�
������� = {{��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� ��[�]}�{��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� ��[�]}�{��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]}�{��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]}}�]�
��[��������� ⩵ {�� �� {�� {�� �}}� �� �� �}�
������� = {{��[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]}�{��[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]}�{�[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]}�{�[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� �� �� {�� {�� �}}� �� �}�
������� = {{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� ��[�]}�{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� ��[�]}�{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]}�{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]}}�]�
��[��������� ⩵ {�� �� {�� {�� �}}� �� �� �� �}�
������� = {{��[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]� �[�]}�{��[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]� �[�]}�{�[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]� �[�]}�{�[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]� �[�]}}�]�
��[��������� ⩵ {�� �� �� {�� {�� �}}� �� �� �}�
������� = {{��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]}�{��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� �� �� {�� {�� �}}� �� �� �}�
������� = {{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]}�{�[�]� ��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]}}�]�
��[��������� ⩵ {�� �� �� {�� {�� �}}� �� �� �� �}�
������� = {{��[�]� �[�]� �[�]� {�[�]� {�[�]� ��[�]}}� �[�]� �[�]� ��[�]� �[�]}�{��[�]� �[�]� �[�]� {�[�]� {�[�]� �[�]}}� �[�]� �[�]� ��[�]� �[�]}}�]�
��[�����[�������] ≤ � || �����[�����[���������] ⩵ � �� �����[������� ≤ �]] ||
�����[�����[���������] ⩵ � �� �����[������� ≤ �]]�
��[������[�������] ⩵ ��
�����[��� ������ ����������� ��������� ����� ���������]�]�
��[�����[�������] ≤ �� ������[��������������[{�������}]]�]�
168
������[{�������}]�](* �� ������� ���� ��� ������ ����� ���� �� ������� ���������� ������ ��� ����������� *)�
������������������� = ����������������[����[�������]]�
�������������� = ��������������[�������������������� ���������]�
��[�����[��������� ⩵ �������[���������]]�





(* ��� ��������� ������ ������ ��������� �� ������ ����� *)




���[� = �� � ≤ ������[����������]� �++�
������ = ����������[[�]]�
��������������� = ������������������[������� �������������� ��������������]�
������������������������� = {������� ���������������}�
���[�������������������������]�]�][[�]]� �]�
������[��������������������������������������������]�]�
(* ��� ��������� ������ �������� ���� ��[�] ��������� �� ��[�]� *)
������������������������������������[������������������������_] �=
������[{�� �� �� ���������������������������������� ����������������������������
���������������������������� ��������� ������������������������}�
��������������������������� = {}�
���[� = �� � ≤ ������[������������������������]� �++�
��������������������������� = {}�
���[� = �� � ≤ ������[������������������������[[�� �]]]� �++�
������������������������ = {}�
���[� = �� � ≤ ������[������������������������[[�� �� �]] ]� �++�
��[ ��������[������������������������[[�� �� �� �]]] ⩵ ��������[��[�]]�
�������� = ��[�]� �





(* ��� ������ ���� *)
(* ������ ������ ������� ���� ���� ��� ��� ���� ����











�����[������� ������������ ���������� ��� ������]�]�
� (* ��������� ���� ���� ���� � ���� *)
���[ ����������������������������]�
�����[������� ������������ ���� ���� �����]�]�]�
������ ������������ ���� ���� ����
(* ������� ������ ���� ���� ��� �� ��� ���� ��� ��




����������������������������������������������� = �������������������������������������������������� �]�
(*********************************************
���� ������ �� ���� �������******************************************)
(* ���������� �� ������ ������� ���� ����� ��� ���� ��� ���� ��� ����������� ��� ���� �� ������� *)
(* �����������������������������
���� ��� ������ ������������ �� � ������ ���� ����� ������ ������� �� ��� ���� �� �������� *)
����������������������������[������_� ��������������������������������_] �=
������[{�� �������������������}�
���[� = �� � ≤ ������[��������������������������������]� �++�
������������������� = ��������������������������������[[�� �]]�
��[������������������� ⩵ ������� ������[��������������������������������[[�� �]] ]�]�]�
�����[��� ���� ������ �� ���� �����]�
������[-�]�]�
(* �����������������������
���� ������ ������������ �� � ������ �� ��� ����������������� �� �������� �� �������� ���� *)
����������������������[������_] �= ������[{}�
������[����������������������������[������� �����������������������������������������������]]�]�
(* �� ����� ��� ������� ������ �� ��������� ��� ���
������� ������� ������ ���� �� ���� �� ����� �_� ��� �_������ *)
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����������������������������������������� = { (*��� -� ������� *){{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� -� ������� *){{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� -� ������� *){{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� -� ������ *){{�� �� �}� {�� �� �}� {�� �� �}}�(* ��� -� ������ *){{�� �� �}� {�� �� �}}�(* ��� -� ������ *){{�� �� �}� {�� �� �}}�(* ��� -� ������ *){{�� �� �}} (* ���� ���� {�����}� {�����} ��� �������� ������ �� � -
� ����� ��� ������ � �������� ��� �<� ���� ������� �������������� *) �(* ��� -� ������� *){{�� �� �}}�(* ��� -� *){ }(* �� ����� ��� ��* ����� ��� -��-���-��� *) �(* ��� -�� *){}�(* ��� -�� *){}�(* ��� -�� *){{�� �� ��}}}�
�����������������������������������������
{{{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�{{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�{{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}� {{�� �� �}� {�� �� �}� {�� �� �}}�{{�� �� �}� {�� �� �}}� {{�� �� �}� {�� �� �}}� {{�� �� �}}� {{�� �� �}}� {}� {}� {}� {{�� �� ��}}}
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����������������������������������[�����������������_� ���������_�
�������������_� ������������_� ������������_ � ���������_� ����������_� ���������_�





������������������� ��������� ����������� �}�
(* ������ ��� ������ *)
�������������� = �����[{�� �� �}� {�� �� ���������}]�
���������������������������������������� = �����[{�� �� � + �}� {�� �� �������������}]�
������������������ = �����[ {�� �� �}� {�� �� ������������ }]�
������������������ = �����[{�� �� �}� {�� �� ������������ }]�
�������������� = �����[ {� + �� �� �}� {�� �� ��������� }]�
��������������� = �����[{�� � + �� �}� {�� �� ����������}]�
�������������� = �����[{� + �� �� �}� {�� �� ��������� }]�
���������������������� = �����[{� + �� �� �}� {�� �� ���������������� }]�
���������������������� = �����[{�� � + �� �}� {�� �� ���������������� }]�
������������������ = �����[{� + �� �� �}� {�� �� �������������}]�
������������������� = �����[{�� � + �� �}� {�� �� ��������������}]�
������������������ = �����[{� + �� �� ��}� {�� �� ������������� }]�
(* �����[��������� ��]�*)
��������[�] = ����[�����������������[[�]]� ���������������
�������������������
������������������� ��������������� ���������������� ���������������
�����������������������
����������������������� ������������������]�
��������[�] = ����[�����������������[[�]]� ��������������� ������������������� �������������������
��������������� ���������������� ��������������� �����������������������
����������������������� ������������������]�
��������[�] = ����[�����������������[[�]]� ���������������
����������������������� ����������������������� ������������������]�
��������[�] = ����[�����������������[[�]]� �����������������������������������������
����������������������� ����������������������� ������������������]�
��������[�] = ����[�����������������[[�]]� ������������������]�
��������[�] = ����[�����������������[[�]]� ������������������]�
��������[�] = �����������������[[�]] (* ���� �� ��� ����� ���� *) �
��������[�] = ����[�����������������[[�]]� �������������������]�
��������[�] = �����������������[[�]] (* ���� �� ��� ����� ���� *) �
��������[��] = �����������������[[��]] (* ���� �� ��� ����� ���� *) �
��������[��] = �����������������[[��]] (* ���� �� ��� ����� ���� *) �
��������[��] = ����[�����������������[[��]] � ������������������]�
���������� = �����[��������[�]� {�� �� ��}]�(* �����
������� ���-��� ���� �� �� ��� -�� ����� ��� ������ ���� ��� -��� ����� ��� ������ ���� �� -��




���������� �������������� ������������� ������������ � ���������� ����������� ����������
����������������� ����������������� �������������� ��������������� �������������]�
�����������������������������
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(* ����� �������� �������� �� ��� �������� *)
���������������������[��������]�
(* ���������������������
���������� ������� �� ���� � � �� ������ �� ��� ������������ �� ���� �� ������� *)
��������������������[ �����_� �����_] �= ������[{}�(
��[ �����[[�]] + �����[[�]] < � || �����[[�]] + �����[[�]] < � � ������ [�����]�� ������[����]� ]�)
]�
(* ���������������������
����� ��� ��������� ������ �������� ���� ��� ������ ������� ���� ��� ��� ��� �-������ *)
��������������������[������_] �= ������[{�� �� ������}�(
������ = �������������[�� {������[������]� ������[������]}]�
���[� = �� � ≤ ������[������]� �++�
��� [ � = �� � ≤ ������[������]� �++�
��[� ⩵ �� ������[[�� � ]] = -������[[�]]� �
��[� ⩵ � + �� ������[[�� �]] = �� �
��[� ⩵ � - �� ������[[�� �]] = ���(* �� ��� �� ��� �� ����� ����� ����� �� �� ���� *)
������[[�� �]] = ��]�]�]�]�]�
������[������]�)]� (* ��� ������ *)
(* ��������������������������
����� ��� ������ �� ��������� ���������� �� ���� ����� � ������ ���� ����� ������� *)
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����������������������������������������[��������������������_] �=





������ = �����[��������������������[[�� �� �]]� {�� �� ������}]�
��������������� = ��������������������[������]�(* ������� �� �� ��� �� *)(* ��� ������� �� ��� ���� �� �� ����
�_�=(-�� - �� �_� - ���� �� �_� )� �_� = -�(�_� - �) - ���[� ��_� ���������������[[�� �]]� {�����}]= -�(���������������[[���]] - �) - ���[� ��_� ���������������[[�� �]]� {�����}] *)
������������� = {}�(*��� ������� ����� �� ��������������� ����� ���� ����� �� ��������� *)
������������� = �������[����[
���[� = �� � ≤ ������[��������������������]� �++�
�� = -�*(-���������������[[�� �]] - �) -
���[��������������������[[�� �� �]] *(���������������[[�� �]])� {�� �� ������[������]}] �
�� = -�*(-�*(���������������[[�� �]]) - �) - ���[��������������������[[�� �� �]]*( ���������������[[�� �]])� {�� �� ������[������]}] �
�� = -��*(-���������������[[�� �]] - �) - ���[��������������������[[�� �� �]]*(���������������[[�� �]])� {�� �� ������[������]}] �
���[{{������[[�]]}� ��������������������[[�� �]] �{��� ��� ��}}]�]�][[�]]� �]�
������[�������������]�]�
���������������������������������������������������������[��������������������_] �=




������ = �������[����[��������������������� ���� �]]�
������������� =
�������[����[
���[� = �� � ≤ ������[��������������������]� �++�
�� = -�*(������[[�]] - �) + ��������������������[[�� �� �]] *������[[�]] �
�� = -�*(������[[�]] - �) + ��������������������[[�� �� �]] *������[[�]] �
�� = -��*(������[[�]] - �) + ��������������������[[�� �� �]] *������[[�]] �
���[ {��� ��� ��}]�]�][[�]]� �]�
������[������������� ]�]�
�������������������������������������[���_] �= ������[{�� ������� ���������������� ������������ ������������������������� ���������������������������}�
������ = ������[���]�
��������������� = �����[��[�����[���[[�]]] > �� �� �]� {�� �� ������}]�




� {�� �� ������}]�
��������������������������� =
���������������������������������������������������������[�����������]�














������������������������[[�]]]� {�� �� ������}]�
������[�������������]�]�
�������������������������������[���_] �= ������[{}�
��[�����[���] > �� ������[�������������������������������������[���]]�]�
������[���������������������������������������������������������[���]]�]�
������������������������������[���_] �= ������[{�� �� ������� ����������������
������������ ����������������������������������� ������������������� ����������}�
������ = ������[���]�
��������������� = �����[��[�����[���[[�]]] > �� �� �]� {�� �� ������}]�




� {�� �� ������}]�
������������������ = �������������������������[�����������]�




� {�� �� ������}]�
���������� = �����[ ��[���������������[[�]] ⩵ ��
����������������������������������[[�]]
�




����������������������������������[[�� �� �]]- ��[� > �� ���[[� - �� �]]� {�� �� �}]- ��[� < ������� ���[[� + �� �]]� {�� �� �}]}]
� {�� �� ������[ ����������������������������������[[�]]]}]]












��[������ ≠ ������[�����������]� �����[������� ������ ������ ���� ��� ����� ����������� �������]�]�
�������������������� = �����[{{������[[�]]}� �����������[[�]] }� {�� �� ������}]�
������[��������������������]�]�




(* ��������������������� ���������� ������� ��� ��������� ��� ������������ *)
��������������������[�������������_] �= ������[ {��������� �}�(
�������� = �����
���[� = �� � ≤ ������[�������������]� �++�




(* ������� ��� ���� ������������ *)
(* ��� �� ������ ������������ ����� ��� �����
��������� ����������� �� ������ ����� ��� ������� ��� ��������� *)
�������������������[] �= ������[{�� �}�
������������ = �����[{{�}� �}� {�� �� ��}]�
��������� = �����[{{{�}�






������������������[������_� ��������_] �= ������[{�� ��������������� ��������� ��������}�
���[� = �� � ≤ ������[�������� ]� �++�
��[������ ⩵ �������� [[�� �]]�
�������� = �������� [[�� �]]�
������[��������]�
�
��[������ ⩵ �������[�������� [[�� �]]]�
�������� = -�������� [[�� �]]�
������[ ��������]�]�]�]�
������[�]�]�
��������������������������[��������_] �= ������[{���������� ����������� �}�
��������� = ��
���������� = ��
���[� = �� � ≤ ������[��������]� �++�
���������� = ������[��������[[�� �]] ]�
��[���������� > ���������� ��������� = ����������� ]�]�
������[���������]�]�
��������������������������������������[������_� ��������_] �=







���[� = �� � ≤ ���[ ������������� �������������������������� ]� �++�
��� = ������������������[����[������� �]� ��������]�
��[��� ≠ �� ������ = ������[��������[[���[���]� �]] ]�� ������ = ��]�
















��[������������������� ≤ ������ ≤ ��������������������


















����� ������� ���� ����������� ��� � ������� ����� ������� ���� ��������� ��� ������� *)
�������������������������������[����������_] �=
������[{�� �� �� �� ����������� ������������������� ������������� �������������������
����������������������� ���������������� ����������� ��������������� ��������������������
����������������� ������������ �������������� ������� �������������� ���������������
������������������ ��������������� ��������������� ��������������������� ������������������
���������������� ���������������������� ������������������� ��������������������� �������������
�������������������������� ��������������������������������� ���������� ����������������
������������������ ������������ ��������������������� ��������������������� ��������}�
������ = ������[����������]�(* ����� ��� � ������ � ���� �� ��� ����� ����� *)






















�������������� = ������(* �� ����� ���� ��� ���������� �� �� ��� �������� ����� �� ���� � ���������� ���������� *)








������������������ = �����[�������[��������������������[[�]] ]� {�� �� ��������������������}]�]�
��[����������������� ⩵ ��
�����[������� ��������� ���� ����� ����� �� ����� ��� ��������������������������]�
������[{{}}]�]�
��[�������������������� ⩵ ������� ������[������������������]�]�(* ��� ��� ��� ���������� ����� �� ���� ���������� ����� ����������� �������� ���
������������� �� �� ��� �������� ��� ���������� ����� �������� ������������ *)
���[� = �������������������� + �� � ≤ ������� �++ �
��������������������� = ��
��[������ - � ≥ � (* �� �� ��� ��� ���� ���� ���� ��� �� �� ���� ��������� ������ �� ��� *)�
������������������������� = ����[����������� {� - �� ������}]�











�������������������������������� = �����[�������[��������������������[[�]] ]�{�� �� ��������������������}]�]�
����������� = ��������������������� - ��
���[� = �� � ≤ ������[������������������]� �++�
��������������� = {}�
������������������ = ������������������[[�]]�
������������������� = � - ��
������������ = {}�
���������������� = {}�
����������� = ����[������������������� -� + ��������������[�� �]]�
������������� = ������������������[[� - �� �]]�
���[ � = �� � ≤ ������[ �������������������������������� ]� �++�
������������ = {}�
���������� = ��������������������������������[[�� �]]�
�������������������� = ��������������������������������[[�� �]]�
��[ �������������������� ≠ ������������������[[� - �]]� ��������[]� ]�
��������������� = ������[������������ ����������]�
��[(��������������������[�������������������������[���������������]]) �
��[� > ����������� + �� �����[������ ��� ��������������������������]� ]�
��������� = ����[ ��������������������������������[[�]]�{�� ����������� + �}]�
������������ = ����[������������������� ���������]�
��������[����������������������� ������������]�
��[� ⩵ ������� �������������� = �����]�]�]�](* �� ��� ���� �������� ��� ���� �� ���� ���������
��� �� ��� �� �������� ������� �� ��������� *) �
������������������ = �����������������������
���������������������� = {}�
��[ � - � + ����������� ⩵ �������
������[����������� ������������������]�
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������[������������������]�](* ���� �� ����� �� ��������� ������� ��� ���� ������ ���
������� ����� � ������ ����� �� ���� ������������� *)�
� = � - � + ������������
������[����[����������� �]� ������������������]�
��������[]�](* ����� �������� ������� ���� ������ ���������� ����� �������� �� ���� ��������� *) �(*��������� �� ������ � ������ ������*)
��[ � ≤ ��������������������� ≤ �(* �� ��� �������� ���� � ������ ������� �� ������� �� ��� ��� ������ ������ �������� *) �
���[� = �� � ≤ ������[������������������]� �++�
��������������� = {}�
������������������ = ������������������[[�]]�
������������������� = � - ��
������������ = {}�
���������������� = {}�
����������� = ����[������������������� -� + ��������������[�� �]]�
������������� = ������������������[[� - �� �]]�
(*�� ������� �������� ������� ���� ��� � ������ ������ *)
���[ � = �� � ≤ ������[ ��������[[ ����������[[�]] ]] ]� �++�
������������ = {}�
���������� = {{����������[[�]]}� ��������[[ ����������[[�]] � � ]]}�
���������������� = ������[������������ ����������]�
��[ ! (��������������������[�������������� ����������[[�]] ]) �
��������������� = �������������������������[����������������]�
��[��������������������[���������������] �
������������ = ������[������������������� ����������]�
���������������������� = ������[����������������������� ������������]�
��[� ⩵ ������� �������������� = �����]�]�]�]�
](* ��� ��������� ������ ������ ��� ���� �� ���� �������� ����� �������� ������ *) �](* ��� �� ����� ������� �� �� ���� � ������ ������ *) �
������������������ = �����������������������
���������������������� = {}�
������[����[����������� �]� ������������������](* ���� ��� ��������� ����� �� ����� ��� ������������*)�](* ���� ���� ��� � ����� ����� ������� � ����������� �� ���� ����� �� ���� �� ��� ����







������[{�� ������� ���������������� �������������������� �����������������}�
������ = ������[�����������]�(* ������� ����
������ ��� ���� ���� ��������������� ��� ���� ��� ����������� ��������� �� ��� ������ ����� *)
��������������� = �����[��[�����[����������������������[[�]]] > �� �� �]� {�� �� ������}]�




� {�� �� ������}]�
����������������� = �������������������������[�������������������]�
���[� = �� � ≤ ������� �++�
��[���������������[[�]] ⩵ ��
��������[]�]�





������[{�� �� �� �� ������� ���������������� ����������������
���������������������� ��������������� ��������������������� ������������������������
�������������������������������������� �������������������� ��������� ���� ������������}�
�������� = ����������������[]�
��� = ������������������[����������� ��������]�
��[��� > ��
������������ = ��������[���]�
������[������������]�](* �� ������� ������ ��� ����� ���� ����� ������� �� ������ �� ������� *) �
��[��� < ��
������������ = ��������[-���]�
������������ = �������[������������� �]�
������[������������]�](* �� ������� ������ ��� ����� ���� ����� ������� �� ������ �� ������� *) �
������ = ������[����������]�
��������������� = �����[��[�����[����������[[�]]] > �� �� �]� {�� �� ������}]�
��������������� = �����[��[���������������[[�]] ⩵ �� ����������[[�]]� {}]� {�� �� ������}]�
��������������������� =
�����[��[���������������[[�]] ⩵ �� �������������������������������[���������������[[�]]]� {}]�{�� �� ������}]�
�������������� =
�����[��[���������������[[�]] ⩵ �� ����������[[�� �]]� ����������[[�]]]� {�� �� ������}]�
�������������������� = �������������������������������[��������������]�(* ��� ��� ������ ����� *)





���[� = �� � ≤ ������[��������������������]� �++�
����������������������� = ������[���������������������[[�]]]�
���[� = �� � ≤ ������������������������ �++�
��[! �����[��������������������[[�� �]] ⩵ ���������������������[[�� �� �]]]�
��������[]�
�













��[�����[������] ≤ �� ������[�������������������������������[������]]�]�
������[����������������������������������[������]]�]�
(* �������������������������������� ���� �� ��� ���� �� ��� ��������
������ ����� ��� ������� �� ������ ������ �� ����� �������� ������ ������� *)
(* ��� ��� ���� �������� ������� ����� ���� �������
���� �� ��� ���� �� ��� ���� �������� ��� ����������� ������ ��� ������ �������
���� �� �������� ������������ ������ ���� ���� ��� �� ������ ���� ������� *)
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�������������������������������[����������_] �=
������[{�� �� �� ������������� ������������������� ������������� �������������������
����������������������� ���������������� ����������� ���������������
�������������������� ����������������� ������������ �������������}�
���������������������� = {}�(* ����� ��� � ������ � ���� �� ��� ����� ����� *)
�������������� = ������(* �� ����� ���� ��� ���������� �� �� ��� �������� ����� �� ���� � ���������� ���������� *)
���[� = �� � ≤ ������[��������[[����������[[�]] ]] ] � �++�
��[� < ����������[[�]] < ���
�����[������� ������ ������ �� ����������-��-��-���-�� ��� �������� ���� ��������������������������]�
������[{}]�] �
���������������������� =
������[�����������������������{{{����������[[�]]}� ��������[[����������[[�]]� �]] } }]�]�
������������������ = �����������������������
���������������������� = {}�
��[ ������[����������] ⩵ ��
���������� = �������������������
�������������� = �����]�(* ��� ��� ��� ���������� ����� �� ���� ���������� ����� ����������� ��������
��� � � �� ������ �� �� �� ��� �������� ��� � � �� ����� �������� ����������� *)
���[� = �� � ≤ ������[����������]� �++ �
��[� < ����������[[�]] < ��� �����[������� ������ ������ �� ���������� -��-��-���-��
��� �������� ���� ��������������������������]�
������[{}]�]�
���[� = �� � ≤ ������[������������������]� �++�
��������������� = {}�
������������������ = ������������������[[�]]�
������������������� = ������[ ������������������]�
���������������� = {}�
����������� = ����[������������������� -� + ��������������[�� �]]�
������������� = ������������������[[� - �� �]]�
���[ � = �� � ≤ ������[ ��������[[ ����������[[�]] ]] ]� �++�
������������ = {}�
������������ = {{����������[[�]]}� ��������[[ ����������[[�]] � � ]]}�
���������������� = ������[������������ ������������]�
��[ ! (��������������������[�������������� ������������[[�]] ]) � (* �� ����� ����� ��
������������� �� �������� �� ��� ������������ ���� ��� �������� ����� �� ��� *)
��������������� = �������������������������[����������������]�
��[��������������������[���������������] �
������������ = ������[������������������� ������������]�
���������������������� = ������[����������������������� ������������]�





���������� = ����������������[����������� �������[#�] ⩵ #� �]�]�
��[��������������� ������[����������]�� ������[{{}}]]�]�
(* �������������������������
������� � ���� ����������� ���� �� � ���� ������� ��� �������� ����������� *)
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������������������������[�����������������������������_] �= ������[ {�� ����������}�
���������� = {}�
���[� = �� � ≤ ������[�����������������������������]� �++�
���������� = ������[����������� �������������������������[�����������������������������[[�]]]]�]�
������[����������]�]�
(* ������������������������������� ������� �� ��� ��������� ��� ���� �������� *)
������������������������������[������������������������������������������_] �=
������[ {�� �� ����������� �������������������}�
���������� = {}�
���[� = �� � ≤ ������[������������������������������������������]� �++�
������������������� = {}�
���[� = �� � ≤ ������[������������������������������������������[[�]]]� �++�









���[� = �� � ≤ ������[�������������������������������]� �++�





���[� = �� � ≤ ������[�������������������������������]� �++�
������� = ������������������������������� [[�]] �
��[�����[�������] > ��
���[���������������������������������������������������������@�������](*�� ���� ����� ���� ��������� ����������� �������� *)�
�
���[�������[[�]] ](* �� ���� ����� ���� � ������ ������
��� ������ ��� �� ��� ������ ����� *)�]�]�][[�]]� �]�
������[�������������]�]�
(* ���� �� � ������� ������ �� �������� �������
�� ���� ��� ����� ������ �� ��� ������ ������ ������� *)
���������������������������������������������������[�������������������������������_] �= ������[{}�
��[�����[�������������������������������] ≤ ��
������[���������������������������������������������������������[�������������������������������]]�](* ����� �� ������ ����������� �� � ��� ������ ������������ ��� �� *)�
������[��������������������������������������������������������[�������������������������������]]�]�
(* �������������������������������������������������




(* ��������������� ��������� ��������� ������� �� � ������ *)
182
(* ��� ��������� ���������� ��� ����� ������� ����������� �� ����� �� ����� ��� ��
��� ������ ���� ����� ��� ��� �� ��� �������� ���������� �� ����� ������������ *)(* ����� ����� ���� ��������� ������� �� � ���� ������ ����
� �� ��� ���� ������������ �� ��� ������ *)(* ���� ������ ����� -� ��������� �� ����� �� ���� ���������� ������������ ���� ��� ��� ������� *)
��������������[ ��������������������_ ] �= ������[{�� �� �� �� ���������������������}�
� = ��������������������[[�� �]]�
� = ��������������������[[�� �]]�
� = ��������������������[[�� �]]�
� = ��������������������[[�� �]]�
��������������������� = {-�}�
��[� ≥ � �� � ≥ � �� � ⩵ �� ������[{�}]�]�
��[� ≤ � �� � ⩵ � �� � ≥ �� ������[{�}]�]�
��[� ⩵ � �� � ≥ � �� � ⩵ �� ������[{�}]�]�
��[� ≤ � �� � ≥ � �� � ⩵ �� ������[{�� �}]�]�
��[� ⩵ � �� � ⩵ � �� � ⩵ � �� � ≥ ��� ������[{�� �}]�]�
��[� ⩵ � �� � ⩵ � �� � ⩵ ��
��[� ⩵ � || � ⩵ � � �����[�������� ���� ���������� ������ ���� � = ������� ���� ����� ��������]�
������[{-�}]�]�
��[� ⩵ �� ������[{�� �}]�]�
��[� ⩵ �� ������[{�}]�]�]�
��[� ≤ � �� � ⩵ � �� � ⩵ � �� ( � ⩵ � || � ⩵ �)� ������[{�� �}]�]�
��[� ≤ � �� ((� ⩵ � �� � ≥ �) || (� ≥ � �� � ⩵ �)) �� � ⩵ � �
��[ � ⩵ � � ������[{�}]�](* ��� ����� ��� �� ��� ��� ��� ��������� ������������ ������� ����� *) �
��[� ≤ � �� � ≥ �� ������[{�� �}]�](* �>� ���� �_� ���� �������� � = ��
��� ��� ��������� ������������ �������� �>� ���� ��(�)� *) �
��[� ≤ � �� � ≥ �� ������[{�� �}]�] (* �� ������� ����������
����� �_� �� ��(�) ��� �≥� ���� ��(�) ��� ��� ��������� ������������ �������� *) �
������[ {�� �� �}] (* ��������� ����� ��� ������� ��� ��������� *) �]�
��[� ≤ � �� � ⩵ � �� � ≥ � �� � ⩵ ��
��[� ⩵ �� ������[{�}]�� ������[{�� �}]�]�]�
��[� ≤ � �� � ⩵ � �� � ≥ � �� � ⩵ �� ������[{�}]� ]�
��[� ≤ � �� � ≥ � �� � ⩵ � �� � ⩵ �� ������[{�}]�]�
��[� ≤ � �� � ⩵ � �� � ≥ � �� � ⩵ � � ������[{�}]� ]�
��[� ≤ � �� � ≥ � �� � ⩵ � �� � ⩵ � � ������[{�}]�]�
��[� ≤ � �� � ⩵ � �� � ⩵ � �� � ≤ �� ������[{�}]�]�
��[� ⩵ � �� � ⩵ � �� � ⩵ � �� � ≥ �� ������[{�� �}]�]�
��[� ⩵ � �� � ⩵ � �� � ⩵ � �� � ≥ �� ������[{�}]�]�
�����[���� ���������������� ��������������
�������� ��� ����� �� ������� ����� ��� ����� ������� ������]�
�����[{�� {�� �� �}}]�
������[��������������������� ]�]�
(* ����������������������������������������
����� ������� ��������� �� ����� ����� ��������� ��� ���� *)
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���������������������������������������[�����������_� ���������_] �= ������[{�� �� �� ���������������}�
��������������� = -��(* ���� ������� ��� ������ �� ��� ������ ����� ������ ����� ������ ���� �� �������� *)





��[� ≤ �� ������[ �[�]]�]�
��[� ⩵ � �� � ≥ � �� � ⩵ �� ������[�[�]]�]�
��[� ⩵ � �� � ⩵ �� ������[ ��[�]]]�
��[� ⩵ � �� � ⩵ � �� � ≥ ��
��[��������� ⩵ � �� � ≠ �� ������[ ��[�] ]� ]�
��[��������� ⩵ � � ������[ ��[ �����[�/�] ] ]� ]�]�
��[� ≥ � �� � ⩵ � �� � ⩵ ��
��[ ��������� ⩵ �� ������[��[�]]�� ������[��[�]]�]�]�
��[ � ⩵ � �� ((� ⩵ � �� � ≥ � ) || (� ≥ � �� � ⩵ �)) �
��[��������� ⩵ �� ������[��[�]]�]�
��[��������� ⩵ �� ������[ ��[�]]�]�
��[��������� ⩵ �� ������[ �[�]]� ]�]�
��[ � ⩵ � �� � ⩵ � �� � ≥ ��
��[��������� ⩵ �� ������[ ��[� (� - �) + �]]�]�
��[��������� ⩵ �� ������[��[� (� - �) + �]]�]�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ ��
��[��������� ⩵ �� ������[ �[�]]�� ������[�[�]]� ]�]�
��[ � ⩵ � �� � ≥ � �� � ⩵ �� ������[�[�]]�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ ��� ������[�[�]]�]�]�
��[ ! ��������������������� �
��[� ≤ �� ������[ �[�]]�]�
��[� ⩵ � �� � ≥ � �� � ⩵ �� ������[�[�]]�]�
��[� ⩵ � �� � ⩵ �� ������[ ��[�]]]�
��[� ⩵ � �� � ⩵ � �� � ≥ ��
��[��������� ⩵ � �� � ≠ �� ������[ ��[�] ]� ]�
��[��������� ⩵ � � ������[ ��[ �����[�/�] ] ]� ]�]�
��[� ≥ � �� � ⩵ � �� � ⩵ ��
��[ ��������� ⩵ �� ������[��[�]]�� ������[��[�]]�]�]�
��[ � ⩵ � �� ((� ⩵ � �� � ≥ � ) || (� ≥ � �� � ⩵ �)) �
��[��������� ⩵ �� ������[��[�]]�]�
��[��������� ⩵ �� ������[ ��[�]]�]�
��[��������� ⩵ �� ������[ �[�]]� ]�]�
��[ � ⩵ � �� � ⩵ � �� � ≥ ��
��[��������� ⩵ �� ������[ ��[� (� - �) + �]]�]�
��[��������� ⩵ �� ������[��[� (� - �) + �]]�]�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ ��
��[��������� ⩵ �� ������[ �[�]]�� ������[�[�]]� ]�]�
��[ � ⩵ � �� � ≥ � �� � ⩵ �� ������[�[�]]�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ ��� ������[�[�]]�]�]�
������[���������������]�]�
(* ����������������������������������������������
����� ������� ��������� �� ����� ����� ��������� ��� ���� *)
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���������������������������������������������[�����������_� ���������_] �=
������[{����� ����� ��������� ���������������}�
��������������� = -�� (* ���� ������� ��� ������ �� ���
������ ����� ������ ����� ������ ���� �� �������� *)




��[�������� ⩵ �� ������[ {��������{}�� {{�� �}� �}}]�]�
��[�������� ⩵ �� ������[{�������{}�� {{�� �}� �}}]�]�
��[�������� ⩵ � �� ���� ≥ � �� ���� ⩵ �� ������[{�����{}�� {{�� �}� �}}]�]�
��[���� ⩵ � �� �������� ⩵ �� ������[{������ {{�� �}� �}}]� ]�
��[���� ⩵ � �� ���� ⩵ � �� �������� ≥ ��
��[��������� ⩵ � �� �������� ⩵ �� ������[{�������{}�� {{�� �������� - �}� �} } ]� ]�
��[��������� ⩵ � �� �������� ≠ ��
������[{������<� <> ��������[��������] <> �>{}�� {{�� �������� - �}� �} } ]� ]�
��[��������� ⩵ � �� �������� > ��
������[{�������<� <> ��������[��������] <> �>{}�� {{�� �����[��������/�]} � �} } ]� ]�
��[��������� ⩵ � �� �������� ⩵ ��
������[{�������<� <> ��������[��������] <> �>{}�� {{�� �} � �} } ]� ]�]�
��[���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��
��[ ��������� ⩵ �� ������[{������{}�� {{�� �}� �}}]�� ������[{�������{}�� {{�� �}� �}}]�]�]�
��[ �������� ⩵ � �� ((���� ⩵ � �� ���� ≥ � ) || (���� ≥ � �� ���� ⩵ �)) �
��[��������� ⩵ �� ������[{�������������{}�� {{�� �}� �}}]�]�
��[��������� ⩵ �� ������[{��������������{}�� {{�� �}� �}}]�]�
��[��������� ⩵ �� ������[ {��������������{}�� {{�� �}� �}}]� ]�]�
��[ ���� ⩵ � �� ���� ⩵ � �� �������� ≥ ��
��[��������� ⩵ �� ������[{���������� <� <> ��������[�������� - �] <> �>{}�� {{�� �������� - �}� �}}]�]�
��[��������� ⩵ �� ������[{����������� <� <> ��������[�������� - �] <> �>{}��{{�� �������� - �}� �}}]�]�]�
��[ ���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��
��[��������� ⩵ �� ������[ {����������{}�� {{�� �}� �}}]�� ������[{�����������{}�� {{�� �}� �}}]� ]�]�
��[ ���� ⩵ � �� ���� ≥ � �� �������� ⩵ �� ������[{����������{}�� {{�� �}� �}}]�]�
��[ ���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��� ������[{���������{}�� {{�� �}� �}}]�]�
������[-�]�]�
(* �������������������������������������������������
����� ������� ��������� �� ������ ����� ����� ��������� ��� ���� *)
������������������������������������������������������[
�����������������������_� �����������������_] �= ������[{�� ���������������������� �������������������� ������������������� ����������������� ������� ���}�
������ = ���[������[�����������������������]� ������[ �����������������]]�
�����[
��������������������� = �������[����[













������������������� ����������������� ������� ���� �������� �������}�
������ = ���[������[�����������������������]� ������[ �����������������]]�
�����[
��������������������� = �������[����[
���[� = �� � ≤ ������� �++�





������������������� = ���������������������������������������[�������� ������� ]�
��[�����[������������������� ⩵ -�]� �����[������[{-�}]]�](* �� ���� ����� �� ���� ��� ������� ��� � ������ ������




(* ������ ������� �� ����� ������ ���������� *)
������������������������������������������������[







����� ������� ��������� �� ������ ����� ����� ��������� ��� ���� �� ���� ����� *)
������������������������������������������������������������[
�����������������������_� �����������������_] �= ������[{�� ���������������������� �������������������� ������������������� ����������������� ������� ���}�
������ = ���[������[�����������������������]� ������[ �����������������]]�
��������������������� = {}�










�����������������������_� �����������������_] �= ������[{�� ����������������������
�������������������� ������������������� ����������������� ������� ���� �������� �������}�
������ = ���[������[�����������������������]� ������[ �����������������]]�
�����[
��������������������� = �������[����[
���[� = �� � ≤ ������� �++�





������������������� = {���������������������������������������������[�������� ������� ]}�
��[�����[������������������� ⩵ -�]� �����[������[{-�}]]�](* �� ���� ����� �� ���� ��� ������� ��� � ������ ������
��� �� ��������� �� �� ���� �� � ��� ����������� *)�
���[�������������������]�]�]�][[�]]� �]�]�
������[���������������������]�]�
(* ������ ������� �� ����� ������ ���������� *)
������������������������������������������������������[







������������ ������������� ��� �������� ���� ������� ���� ���������� *)
(* ��������� ��������� ��� ������ �� ���� ��� ����� ��� ��� ���������� �������� ���� ����� �� ��� �����
��� ������� ��� ���������� � ������ ��������� ��� ��������� �� ������ �� ��� ������� �����
��� ������ ��� �� ���� ��� ��� ���������� ����� ���� ����������� ��� ��������� ������� ���������� ���
���������� ���� ������������ �� ��� ����� ����� �� ���� ������ ��� ������� ���� ���� � ���� ������ *)
������������������������������������[������������������������_�
������������������������������_� ����������������_� ��������������������������_�
��������������������������������_ � �������������_� �����������������������_�
���������������������������������������_� �� ������������������������������������_� �����
�������������������������_� ����� ������������������������_� ����] �=
������[{������ �������������������������������� � � �� �� ��� ��� ��� ��� ��� ��� �����
����� ������ ������ ������ ���� �� ��� ������� �� �� ����������������������
������������������������������ ����������������������������
���������������������������������������� �������������������� ���� ���� ��������� ��������}�
� = ������������������������[[�� �]]�
� = ������������������������[[�� �]]�
� = ������������������������[[�� �]]�
�� = ������������������������[[�� �]]�
�� = ������������������������[[�� �]]�
�� = ������������������������[[�� �]]�
�� = ������������������������������[[�� �]]�
�� = ������������������������������[[�� �]]�
�� = ������������������������������[[�� �]]�(* �� ���� ������ ����� ������������� �� ����� �� ���� ��� ������� �� ������� ������
����� �� ���� ��� ��������� ����������� *)





����� = ���(* ���� ������������� ��� � ��� ��� ����� ��������� ��� �������������
��� ��� �� ��� ��� ���������� ������*)
� = ������������������������[[�� �]]�
�� = -� (* ���� �� � ����� ����� ����������
��� ��� ���������� �� ��� ����� �� �� ��� �≠-� ����� ������ *)�
��[�����[��������������������������������] > ��(* �� ���� ����� �� ���� � �-���� �������
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��� ���� �� ���� ������ ����� ��� ������������������������� ��� �������������������������
�� ���� �����
��� ������������� �������� �� �� ��� ���� {���} ��� ��� �������������������������������� ���
������������������������� ��� ������� �� ��� ������ ������ �� ����� �� ���� ������ ���������*)
��� = �������������[[�]]�
��� = �������������[[�]]�





��[�������������������������[[��������� ��������]] ≥ ��
��������������������������������������� = �����
�
��[�������������������������[[��������� ��������]] ≥ � �� (� ⩵ � �� � ⩵ �)�
��������������������������������������� = �����]�]�
��[�������������������������[[��������� ��������]] ⩵ ��
��������������������������������������� = ������]�]�
��[�������������������������[[���� ���]] ≥ ��
����������������������������� = �����
��[(�� ⩵ � �� �� ⩵ �)�
��������������������������� = �����
�
��[�������������������������[[���� ���]] ≥ ��
��������������������������� = �����]�]�
�
��[�������������������������[[���� ���]] ⩵ ��
��������������������������� = ������
��[(�� ⩵ � �� �� ⩵ �)�
����������������������������� = �����]�]�



























��������������������������� = �����]�]�](* ��� �� ����� ��� ���� ���� ���� ���� ��� ������� ����� �� ��� ������� *) �
�
�� = ������������������������������[[�� �]]�
��[� ⩵ � || � ⩵ �������
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(* �� ���� ��� ��������� ���������� �� ��� ���� ���� ��� ����� ��� ��
����� ��������� ������� ��� ���������� ����� ������ �������������� *)
����������������������������� = ������
��[� ⩵ � || � ⩵ ������� ��������������������������������������� = �������
��[ ������ > ��
��[� > �� ��[ (��������������������������������[[� - �� �� �]] > � ) ||
(��������������������������������[[� - �� �� �]] > � )�
��������������������������������������� = �����]�]�
��[� < �� ��[ (��������������������������������[[� + �� �� �]] > � ) ||(��������������������������������[[
� + �� �� �]] > � )�
��������������������������������������� = �����]�]�]�]�]�
��[ � ≠ � �� � ≠ �������
��[� < �� ��������������������� = � + ��� ��������������������� = � - ��]�
��[ ��������������������������������[[���������������������� �� �]] ≠ � ||
��������������������������������[[���������������������� �� �]] ≠ � �
����������������������������� = �����
��[ ��������������������������������[[�� �� �]] ≠ � ||
��������������������������������[[�� �� �]] ≠ � �
��������������������������� = �����]�]�]�
��[�����[������������������������� ≠ ����]�
��[�������������������������[[�]] ≥ �� ��������������������������������������� = �����
�








��[(�� ⩵ � �� �� ⩵ �)�
����������������������������� = �����]�]�]�](* ���� �� ��� ��� ���� �� ��� ���� �� �������� ��������� ����� *)�](* ��� ���� ���� ��� ���� ���� ���� ���� ��� ����� ���� ����� *) �]�(* ��� ��������� �� �� ����� ��� �� ����� �������������� *)
��[ ! ��������������������
��������������������������������������� = �����(* �������� ���� ���������� �� ����� �� ���� ����� ��� �������
�� ��� ���� ������� ����������� ��� ������� ����� *)�
��[�����[������������������������� ⩵ ����]�
(* ������ �� ���� ���� �� ��� �������� �������� �� � ������ ����� �� ������ ��� ���������
�� ����� �� ��� ���� ������� ����� ���������� ������ ��� ������� ����� ������������
������������� ���������� �� ����� �������� *)
��[������ ⩵ ��
����������������������������� = ������
��������������������������� = �����(* ����� ��� �� ���� ���� ��� ���������� ���� �� ������� �� ����� �������� *)�]�
��[� ⩵ � �� ������ ≠ ��
��������������������������� = ������
��[ ��������������������������������[[� + �� �� �]] ≠ � ||
��������������������������������[[� + �� �� �]] ≠ � �
����������������������������� = �����]�]�
��[� ⩵ ������ �� ������ ≠ ��
��������������������������� = ������
��[ ��������������������������������[[� - �� �� �]] ≠ � ||
��������������������������������[[� - �� �� �]] ≠ � �
����������������������������� = �����]�]�
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(* ��������� ���� � ����� ���� ��� ���������� *)
��[� > � �� � < �������
��[
��������������������������������[[� - �� �� �]] ≠ � ||
��������������������������������[[� - �� �� �]] ≠ � �
����������������������������� = �����]�
��[
��������������������������������[[� - �� �� �]] ≠ � ||











��������������������������� = �����]�](* �� ���� ����� ��� ������ ������� ��� ������� �������
��� ������ �� ���������� �� ��������� �� ��� ��������� ���
����� �� ������ �������� ���� ���� *)�
� (* ���� �� �� ���� ���� �� ��� �������� �������� �� � ������ ���� �� ������ ��������� *)
��[�������������������������[[�]] ≥ ��
����������������������������� = �����


















�� (� ⩵ � �� � ⩵ �)�
��������������������������������������� = �����]�]�
��[�������������������������[[�����������������������]] ⩵ ��
��������������������������������������� = ������]�]�]�](* ���� �� ���� �� ��� ���� �� �������� ��������� ����� *)�](* ���� ���� ��� ���� ��� � ������ ������� *)�](* ���� ���� ��� �� ����� ��� �-���� ��� �-���� �������� *)�
(* ����� ������������� �� ��������� ���� ��(�) ���� �>��
��� ��� ��������� ������������ �������� �� ��� ��� ����������� ���
��� ��������� ����������� �� ��������� �������������� �� ���� ���� ���� �� ����
����� ���� ��� � ������������� ��� �� ��������� �� ����� ����� ��� �� � ����� *)(* ��������� ��� ���� ��� ������ *)
��[ (� ≥ � �� � ⩵ � �� � ⩵ � �� ���� ⩵ �)�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) (* ���� ������������ ������� ���� ��� �� ����� �� �������� *)�
��[! ��������������������
������[{-�� -�� -�}](* �� �� ������ ��� ������� �� ���� ���� ����� �_� �� ���
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���� ������� ����� ��� ������� �� ���������
��� ��� ������� �� �������� ������������� *) �]�
��[���������������������������������������� ������[{-�� -�� -�}]�](* ����� ��� ��� ���� ��� ��������� ������ �� �� �� ���� ����� �� ���� ���� ���
�� ��� ������� ���� ��� �� ����� ���� ��� ������������ ������ ����� �>� ����� *)�
��[� ⩵ � �� �� ⩵ �� ������[{�� �� �*�}]�]�
��[� ⩵ � �� �� ⩵ �� ������[{�� �� �*�}]�]�
��[� ≥ � || �� > �� (* �����[������� ������������ ���� ��(�) �>� ���������� ��>� ��������]�*)
������[{-�� -�� -�}]�](* ������ ����� ����� ��� ��� ������� ���� ����� ���� ������ ��� �������� *) �](* ���� �������� ������������� ���� �� �� ��(�) ���� �>�� *) �
����� = ���
��� = ���[�������[��/�]� �������[��/�]]�
����� = � ����
������[{������ ������ � �����}] (* �� ������ ���� ������������� �� ��� ���� �� ���������
�� ����� ��� ����� �� ��� ��� ����� ������ �� ����
��� ��� ���� �� ������� ��� ��������� ����������� *)�]�(* ����� ��������� ��(�) ���� �>� ������ ����� �� ����� ���� � ����� ������� �� �� ������ *)
��[(� ⩵ � �� � ≥ � �� � ⩵ � �� ���� ⩵ �)�
��[(�� ⩵ � �� �� ⩵ � �� �� > � )�
��[� ⩵ � �� �� ⩵ �� ������[{�� �� �}]� ]�](* ��� ����� �� ������� ���������{�} �>
� ����� ��� ������ �� ��� ����� ������� ��� �������������������������� *) 0010�
����� = ���
��� = ���[�������[��/�]� �������[��/�]](* �� ���� ���� ���� �� ������������� ��� �� ���� ��� ���� ����� *) �
����� = � ����
������[{������ ������ � �����}]�]�
��[(� ⩵ � �� � ≥ � �� � ⩵ �) �� ���� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[! ��������������������
��[�� > �� ������[{-�� -�� -�}]�]�
��[�� ⩵ �� ������[{�� �� �}]�]�](* ����� ��� ��� ���������� ������ ��� �������������������������� ��� �������� *)�
��[(� ⩵ � || � ⩵ �) �� �� ⩵ �� ������[{�� �� �*�}]�]�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]� ]�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]� ]�]�
������[{��� ��� � ��}](* ��������� �� ������ ��� ����� ��� ���� �������������� ����
��� ������ �� ��������� *) �]�
��[(� ≥ � �� � ⩵ � �� � ⩵ �) �� ���� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]�]�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]�]�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]�]�
��[� ⩵ � �� � ⩵ �� ������[{�� �� �*�}]�]�](* ����� ��� ��� ���� �� ������� ����� ��������� �� ��� �� ��� ��������� ����� *) �
������[{��� ��� � ��}](* ���� ����� ���� ���� ������������� ��� ��� �_� �������������� *) �]�(* � = � = � �� ��� ��������� ������� ��� ������������� *)
(* ������� ����� ������������� �� ���������{��} ���� ��� ����
�=�=� ���� �=� ���� ��� ��� ������ �� ��������� ����� �� (�����)� *)
��[ (� ⩵ � �� � ⩵ � �� � ⩵ � �� � ⩵ �) �� ���� ⩵ � �
��[( �� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[{�� �� �} ](* �� ��� �������� ������ ���� �������� ����������
��� ��� ������� ��� ��������� ������������� *) �]�](* ���� ������ ���� �� ��� ��������� *)�




������[{�� �� �}] (* ������������ ��� �� �������� ���� ����� ��
��� ��������� ��� ���� ������������ ����� ��� ����������*)�]�
��[�� ≥ � �� ���� ⩵ �� ������[{-�� -�� -�}]� ](* ���� ������� ������������� �� �� ��� ���� ���� ��� �_� ������� ���� *)�
��[�� ≥ � �� ���� ⩵ ��
������[{�� �� ��}] (* ���� �� ��� ����� ������
����� �� �������� ��������� �_� ��������� �_� ��� ������ ������������� *) �]�](* ������������ ��� ��� ������������� �� �_� ��� �_� ������ ��� ���� �� �����������
��������� ����� �� ��� ������� ���� ��� ������ �� ������� �������������
191
���� ���� ������������� �� ��������� ���� �_��*)�
(* ��� �� ����� ������������� �� �� ���� ������ ���� ���>��
��� ��������� ���� �� ��� ���� �� �� ��� �������� ��������
�������� ���������� ��� �� ����� �� ��� ��������� ������������ �������� *)
��[ ((�� ≥ � �� �� ⩵ � �� �� ⩵ �) || (�� ⩵ � �� �� ≥ � �� �� ⩵ �))
�� ���� ⩵ � �� (� ⩵ � �� � ⩵ � �� � ⩵ �)�
������[{�� �� ��}] (* ���� ������� ����������� �� �_��
�������� ������� ������� ��� ���������� �� ��� ��������� ������������ �������� *)�](* ���� �������� ������������� ���� �� ���� ��(�)���>� �� ���� ��� ���� �������� *) �
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �) �� ���� ⩵ ��
��[(� ⩵ � �� � ⩵ � �� � ≥ �)�
��[� ⩵ �� ������[{�� �� ��}]�]�
��[� ⩵ �� ������[{�� �� �}]� ](* ���� ���� ������� ����������� �� �_�� *) �]�]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ���� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
������[{�� �� �}](* ���� �_���_� ��� ��������
����� �� ��� ��� ����������� �� ��� �_� ������ *) �]�]�(* ����� �_� ����� ������ ���� ������������� �� �_�� *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[� ⩵ � �� � ⩵ � �� � ≥ ��
��[ �����[�]� ������[ {�� �� ��}]� �
��[���� ⩵ �� ������[{�� �� ��}]�]�
��[���� ⩵ �� ������[{�� �� �� + �}]�]�]�]�]�(* ����� �_� ����� ������ ������������� �� ������� *)
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[(� ⩵ � �� � ⩵ � �� � ≥ �)�
��[���� ⩵ �� ������[{�� �� ��}]]�
��[���� ⩵ �� ������[{�� �� � �������[��/�]}]�]�]�]�(* ���������� ����� ������������� �� �_� ��� ����� ������������� *)
��[� ⩵ � �� � ⩵ � �� � ≥ ��(* ���� ��� ��� ������������� ��� ����� ������� ����������� *)
��� = ���[ �������[��/�]� �������[��/�]]�(* �� ���� ��� ���� �� ������ ������ �� ��� ������� ���� ��� �_� ���� �� < � �� �� < �
����� ���� ����� ���� �� ���� �������� ��������������*)
��[���� ⩵ � �� � ≠ ��
��[ ��� > � �� ����������������������������� � ������[{-�� -�� -�} ]�](* �� ���� ���� ��� ��������� ��� ������� ����� *)�
��[ ��� > � �� ! ����������������������������� �
��� = ���[ �������[��/�]� �������[��/�]]�
��[ � ⩵ �� ����� = � ����]�
��[� ⩵ �� ����� = � ����]�
��[� ⩵ �� ����� = � ����]�
��[� ⩵ �� ����� = � ����]�
��[� ≥ �� ����� = � ����] (* �� ���� ���� ��� ��� ������
�� ���� ��� ���� ������������ ����������� ��� �����
��� ��������� ���� �� �_� �� ������ ���� ������ ��
������� �� ���� ����� ����� ���*)�
������[{� ���� � ��� � ���[������ ��]}]�]�]�
��[���� ⩵ ��
��[����������������������������� �� ��� > �(* ���� ��� ��� (��� ����) ������ ����� *) �
��[��� > �� ������[{-�� -�� -�}]� ](* �� ���� � � � � ������������� ��� �� ������� ���� ���� *) �
��[�����[�]�
������[{� ���� � ���� ���[ � ���� �� ]}]�]�
��[! �����[�]�
������[{� ���� � ���� ���[ � ���� ��]}]�]�] �]�]�(* ����� ������������� �� �_�� ������� ���� ��� ��� ��������� �� ������ �� ����� ��� *)
��[(� ⩵ � �� � ⩵ � �� � ⩵ �)�
��[ (�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ���� ⩵ ��
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������[{� �������[ ��/�]� � �������[ ��/�]� � �������[ ��/�] + �}]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ���� ⩵ ��
��[ �� ≥ ���
������[{-�� -�� -�}]�]�
������[{�� �� �� + �}]�]�




��[((�� ≥ � �� �� ⩵ � �� �� ⩵ �) || (�� ⩵ � �� �� ≥ � �� �� ⩵ � ))�
��[ ���� ⩵ ��
��[ �� ⩵ � �� �� ⩵ ��
������[{�� �� �}]�]�
��[�� ≥ ��




� �������[��/�] + ���[(�������[��/�] + �)� ��]}]�]�]�
��[ ���� ⩵ ��
��[�� ⩵ � �� �� ⩵ �� ������[{�� �� �}]� ]�
��[�� ≥ �� ������[ {� �������[ ��/�]� � �������[ ��/�]� � �������[ ��/�] + �}]�](* ���� ������������ ��� ���� �� ���� ���� ��� ��� �����
�������� � ������������� *)�
��[ �� ≥ ��
������[ { � �������[��/�]�
� �������[��/�]�
� �������[��/�] + ���[(�������[��/�] + �)� ��]}]�]�]�
��[���� ⩵ ��
��[�� ≥ ��
������[ {� �������[ ��/�]� � �������[ ��/�]� � �������[ ��/�] + �}]�]�
��[ �� ≥ ��
������[{ � �������[��/�]�
� �������[��/�]�
� �������[��/�] + ���[(�������[��/�] + �)� ��]}]�]�
��[�� ⩵ � �� �� ⩵ � �� �� ⩵ ��
��[������������������������������ ������[{-�� -�� -�}]�]�
������[{�� �� �}]�]�] (* ���� ��������� ��� ����⩵� ����� ��� ��� �� ���� �� ���� ��� ���� ���� ���
�_� �_� �������������� *) �]�
��[(�� ⩵ � �� �� ⩵ � �� �� > � ) �
������[ {� � �� ��}](* ����� ������� ��� ����� ���� ����� (������+�) ������ *) �]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �
��[���� ⩵ �� ������[{� �������[��/�]� � �������[��/�]� � �������[��/�] + �}](* ����� �� ������� ���� ��� ��� �������� � ���� �� ���� ��������� ���� *) �]�
��[���� ⩵ � � ������[{� �������[��/�]� � �������[��/�]� � �������[��/�] + �}]� ]�]�
��[ (�� ⩵ � �� �� ≥ � �� �� ⩵ � )�
������ [{� �������[��/�]� � �������[��/�]� � �������[��/�] + (�������[��/�] + �)}]�]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
������[{� �������[��/�]� � �������[��/�]� � �������[��/�] + �}]�]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
������[{� �������[��/�]� � �������[��/�]� � �������[��/�] }]�]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �)�
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������[{� �������[��/�]� � �������[��/�]� � �������[��/�] + �������[��/�] }]�]�](* ���� ��������� ��� �_� ����� *) �
(* ����� ������������� �� ������� *)
��[� ⩵ � �� � ⩵ � �� � ≥ ��
��[(� ⩵ � �� ( � ⩵ � || � ⩵ �)) || (� ≥ �� �� � < �)�
�����[����� ���������� ����������� ������������������������� �������
���� ������������ �� �������]�
������[{-�� -�� -�}]�](* ���� �� ���� �� ����� ������ �� ���� ����������� ��� �� ������������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) (* ���� �� ����� ���� �� �� ��� ���������� �����*)�
��� = �������[��/�]�
����� = � ����
����� = � ����
��[� ⩵ � �� ���� ⩵ ��
������[{������ ������ � ��� + �}] (* ���� ���� ��� �� ���� ���� ���� �_� ����� � �_�� *) �]�
��[� ≥ � || (� ⩵ � �� ���� ⩵ �)�
�����[����� ����������� ������ ������ ���� �>� �� �=�
������� ��������� ������� �� �� ��� �������� ���
������������������������� ������� �����
������������ �� �������]�
������[{-�� -�� -�}]�](* ���� �� ���� �� ����� ������ �� ���� ���� ������������
�� ��� ���� �������� ���� ����� ���� ���� ������ �� ��� ��������� �� ���� �����
��� ������������� ������������� *)�](* ���� ���� ������������� �� ������ ���� � ��� *) �
��[� ⩵ � �� ((�� ⩵ � �� �� ≥ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ � ))�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� �}]� ]�]�
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ �� ������[{�� �� �}]� ]�]�]�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � � ������[{�� �� �}]� ]�]�
��[���� ⩵ ��
��[�� ⩵ �� ������[{�� �� �} ]� ]�
��[�� ≥ �� ������[{-�� -�� -�} ]� ]�]�]�](* ��� ��� ������� �� ��������� ������������ ��� �������� ����������� *) �
��[� ⩵ � �� ((�� ⩵ � �� �� ≥ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ � ))�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� �}]� ]�]�
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ �� ������[{�� �� �}]� ]�
��[�� ≥ � �� �� ≤ �� ������[{�� �� �}]� ]�]�]�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � � ������[{�� �� �}]� ]�
��[�� ⩵ �� ������[{�� �� �} ]� ]�
��[�� ≥ �� ������[{-�� -�� -�} ]� ]�]�
��[���� ⩵ ��
��[�� ≥ � �� �� ≤ �� ������[{�� �� �}]�]�
��[�� ⩵ �� ������[{�� �� �} ]� ]�
��[�� ⩵ �� ������[{�� �� �} ]� ]�
��[�� ≥ �� ������[{-�� -�� -�} ]� ]�]�
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]�](* ��� ��� ������� �� ��������� ������������ ��� �������� ����������� *) �
��[� ⩵ � �� ((�� ⩵ � �� �� ≥ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ � ))�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{ �� �� �}]�]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � || �� ⩵ � || �� ⩵ �� ������[{�� �� ��}]� ]�]�
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{ �� �� �}]�]�
��[�� ⩵ �� ������[{�� �� �}]� ]�
��[�� ≥ � �� �� ≤ �� ������[{�� �� �}]� ]�
��[�� ≥ �� ������[{-�� -�� -�}]�]�]�]�
��[� ⩵ ��
��[���� ⩵ ��
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � || �� ⩵ �� ������[{ �� �� �}]�]�
��[�� ⩵ � � ������[{�� �� �}]� ]�
��[�� ⩵ �� ������[{�� �� �} ]� ]�
��[�� ⩵ �� ������[{�� �� �} ]�]�
��[�� ≥ �� ������[{-�� -�� -�} ]� ]�]�
��[���� ⩵ ��
��[�� ≥ � �� �� ≤ �� ������[{�� �� �} ]�]�
��[�� ≥ �� ������[{-�� -�� -�} ]�]�
��[�� ⩵ �� ������[{�� �� �} ]�]�
��[�� ⩵ �� ������[{�� �� �} ]�]�
��[�� ⩵ �� ������[{�� �� �} ]�]�
��[�� ≥ �� ������[{-�� -�� -�} ]�]�]�]�](* ��� ��� ������� �� ��������� ������������ ��� �������� ����������� *)�




������[{� ���� � ���� ���[� ���� � �������[ (�� - � ��� )/ �] + � ��� ]}]�
�
������[{� ���� � ���� ��� [� ���� ��]}]�]�]�
��[�����[�]�
��[���� ⩵ ��
������[{� ���� � ���� ���[� ���� � �������[��/�]]}]�
�
������[ {� ���� � ���� ���[� ���� ��]}]�]�]�]�
��[� ⩵ ��
��[���� ⩵ � (* ���� �������� �=� �� �=�� *) �
��[ ��� ≥ � || ������������������������������ ������[{-�� -�� -�}]�](* ���� �������� ��������� ��� ������� ��������� �� ��������
������������� ����� �_� ������ �� � ��� �� ������� �����
��� � ������������ ������� ������� ��������������
��� ���� ����� ���� ���� ��������� � ���������� �� �����
�� ������� ����������� *)�]�
��[���� ⩵ ��
��[�� > �� ������[{-�� -�� -�}]�] (* ��������� � � �� *)�
��[�� > � �� �� ⩵ ��
������[ {� �������[��/�]� � �������[��/�]� � �������[��/�]}]�](* ���� �� ��� ���� �_� ������������ ������� ��������
������������� ��� �_�� *)�]�]�]�
(* ���� ��������� ��� ������������� �� ������� *)
(* ���� �_�� *)
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��[ (� ≥ � �� � ⩵ � �� � ⩵ �) || (� ⩵ � �� � ≥ � �� � ⩵ �)�
��[� ≥ � (* ���� �� ��� �� �� ����� ����� �� ���
������������� �� ��� ��� ���������� �� ����� ��� ��� ������������� *) �
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[{ ��� � � � }]�]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[{�� ��� � ��}]� ]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ ��)� ������[{��� ��� ��}]�]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[{��� ��� � ��}]�]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)|| (�� ≥ � �� �� ⩵ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
������[{��� ��� � ��}]�]�




������[{�� �� �}]�] (* ������� ���� ��� ��� ��� �������� ��� �
����� ������� ��� ������ ������ ���� �� �/����
�/��� �����/��� ���������� �� � = �� ������������� *) �]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)�
��[� ⩵ � �� ���� ⩵ �� ������[{�� �� ��}] (* ���� �� ��� ���� ����������� ����� *)�]�
��[���� ⩵ � || ���� ⩵ ��
��[�����[�]�
������[{�� �� ��}]��
������[{�� �� ��}]�] (* ��� ����� ����� ��� �� ������� �� ������� ���� ��� ����
�� ������� ��� � ��� ���� ��� ������ ������ ���� ��
�/���� �/���������/��� ���������� �� � = � �������������
�� ���� ���� ���� ��� �_� ���� �>��
���� ������ �� ���� � �� �� ��� ��� ��� �������������
�� ����� ���� �� ����������� ��������� �����*) �]�]�
��[ ((�� ⩵ � �� �� ⩵ � �� �� ⩵ �) )�
��[���� ⩵ ��
������[{�� �� ��}] (* �� ������ ��� ��� ������ ������������ ���� � ����
����� ���� � �� �������� � � �� *) �
�
������[{-�� -�� -�}] (* ��� ������ ������� �� �_��* �� ��� �������
���� ������� ����� �>� ��� ������� � ������ ����� *) �]�]�]�
��[� ≥ � (* ���� �� ��� �� �� ���� ������ ���� ��� ������������� �� ��� ��� ������
��� ��� ������������� *) �
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
��[���� ⩵ � �� ! (�����[�])� ������[{��� �� + �� � ��}]�� ������[{�� � ��� � ��}]�]� ]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ⩵ � �� �� ≥ � �� �� ⩵ � )|| (�� ≥ � �� �� ⩵ � �� �� ⩵ �) �
������[{��� ��� � ��}]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[������������������� (* �� ���� ���� ��� ���������� ����� �� ������� ��� �� ��� ��� ���� ���
��� ������������� �� ��� ��� ���������� ��� ���� ������������ *)�
��[�� ⩵ ��
��[ � ⩵ � || � ⩵ �� ������[{�� �� �}] (* ���� ������������� ��� ����� ���
�� ��� ��������� ����� �������
��� ���� ���� ��� ������������ �� ��� ����� �� (�����) �����
����� �� ���� ����� ���� �>�� *)�]�
��[� ⩵ �� ������[{�� �� �}]�]�]�
��[�� ⩵ ��
��[ ���[�� �] ≠ �� ������[{�� �� �}]��
��[(���� ⩵ � �� � ⩵ �) || (� ⩵ �) � ������[{�� �� �}]�]�]�]�
��[�� ⩵ ��
��[ ���[�� �] ≠ ��
������[{�� �� �}]�
�




��[ ���[�� �] ⩵ ��
������[ {�� �� ��}]�] (* �� ��� �� ���� �� ������� ���� ������� ���������� ��� ���������
����� ��� ������ ��� �������� �⩵� �� �⩵� �� ��� ������� *)�
��[! ���[�� �] ⩵ �� ������[{�� �� ���[��� �]}]�]�]�]�] �]�(* ���� ���� ��� ����� ��� �_�� �� ���� ��� ��������� ������������� �� ����� ���
������� ��� ��������� ������ *)
(* ����� ��� ��� �� ���� ���� ��� ��� ������ ����� ��������� �� ����� ���� *)(* ���� ���� �� ����� ������ ��� ��� ������������ �� ����� ��� ���
������������ ����� �� ���� ���� ���� �� � ��� *)
��[ (� ≥ � �� � ⩵ � �� � ⩵ �)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ � )�
��[ ���� ⩵ � � ������[{��� �� �}]�]�
��[���� ⩵ � �
������[{-�� -�� -�}]�]�]�
��[ ( �� ⩵ � �� �� ⩵ � �� �� ≥ �) �
��[ ���� ⩵ � �� �� ⩵ ��
��[���[�� �] ⩵ ��
������[{�� �� �}](* �� ���� � ���������� ��� ��� ����� �� ��� ������� ������������ ���� ����
�=� ��� ������� �� ��� ��� ������ (�����) ����� � ������������ (�����)
������ ���� (�����)� ���� ������ ���� ������� ��� ����� ������� ��� ���
����������� ����� �� ��������� ��� ������ ��������� ����������*) �]�
��[���[�� �] ≠ ��
������[{�� �� �}]�]�]�
��[���� ⩵ � || �� ≥ ��
������[{-�� -�� -�}]�]�]�
��[(�� ≥ � �� �� ≥ � �� �� ⩵ � )�
��[ ���� ⩵ ��
������[{��� ��� �}]�](* ��� ����� �� ���� �� ������� ���� ������������ �� ��� ���������� �����
��� �������� ���� *) �
��[���� ⩵ ��
��[ �� ⩵ � �� �� ⩵ ��
������[{�� �� �}]�] (* �� ���� ����� �� �� ����� �� ��� ��� ��� ������� (�����) �����
�� ��� �� � ��� ��� ��� ���� �� ����� ��� ������������ ����� ��
��� ���� ����� *) �
��[�� ≥ �� ������[{��� �� ��}]�] (* ����� ���� ���� ������� ����� ���� �� ��� ����
�/��������_{������ = � } �� � ���� ��� ���� �������� ��� ������� � �� ��� ������������
�� � ������ ������ ��� � ������ � �� � ����� ��� �� *)�
��[ �� ≥ �� ������[{�� ��� � ��}] (* �� ���� �� ������� �������� ���� �� �� ��� ��>� �����
��� ����� ��� ��� ������ ������������� ��� ����� ����� �� �� *) � ]�]�
��[���� ⩵ �� ������[{-�� -�� -�}]� ]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� )�
��[ ���� ⩵ � � ������[{�����[��/�]� � �����[��/�]� � �����[��/�]}]� ]�
��[���� ⩵ ��
������[{-�� -�� -�}]�]�]�
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ � �� �� ≤ �)�
��[� ⩵ � �� �� ⩵ ��
������[{�� �� �}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ ��
������[{�� �� �}]�]�




��[� ⩵ � �� �� ⩵ � �� ���� ⩵ ��
������[{�� �� �}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ ��
������[{�� �� �}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ ��
������[{�� �� �}]�]�
��[���� ⩵ � �� �� ≥ ��
������[{-�� -�� -�}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ � �� ��������������������
������[{�� �� ��}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ � �� ! ��������������������
��[�� ≥ �� ������[{�� �� �}]�� ������[{�� �� ��}]�]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ � �� ��������������������
������[{�� �� ��}]�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ � �� ! ��������������������
��[�� ≥ �� ������[{�� �� �}]�� ������[{�� �� ��}]�]�]�
��[� ≥ � �� �� ≥ � �� ���� ⩵ ��
������[{-�� -�� -�}](* ���� ���� ���� �� �������� ����
����� ������ ��� ��� ��������� ���� ��� �_�
��� ����� ��� ����� �=����� ��� �� �������� *)�]�
��[� ⩵ � �� �� ⩵ � �� ���� ⩵ ��
������[{�� �� �}]�]�





��[���� ⩵ � �� �� ≥ ��(* ����� ��� ��������� ������ �� = �� �� ��
��� ��� ����� ����������� ����� �� �� ��� ���� ��� ������� ���� ��� �_� �= �� ��� *)
������[{�����[��/�]� ���[�� �*�����[��/�]]� � �����[��/�]}]�]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)�
��[ ���� ⩵ ��





��[ ���� ⩵ ��










��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)�
��[ ���� ⩵ ��





��[ ���� ⩵ ��
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��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[{�� �� �}]� ]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[{�� �� �}]� ]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
��[���� ⩵ �� ������[{��� �� �}]�]�
��[���� ⩵ �� ������[{��� �� �}]�]�]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ � )� ������[{�� ��� � �� }]�](* ����� �� ����� ����� �� ���������� �� � ����� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[{��� �� �}]�]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ � ) � ������[{ ��� � � �}]� ]�
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[{�� ��� � ��}]� ]�
]� (* ���� ��������� ��� �� ���� *)
(* �� ���� ���� �� ��� ��� ����� ����� �� ������� ��� �������������� *)
��[( � � > � �)�
��[ � ≥ � �� � ⩵ � �� � ⩵ � (* ��* � ���� ���� ��� �������������� *) �
��[���� ⩵ �� ������[{��� � �������[��/�]� � ������� [��/�]}]�]�
��[���� ⩵ �� ������[{��� ��� � ��}]�]�]�(* ��������� ��(�) ��� � ������������� �� �� *)
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
��[���� ⩵ �� ������[{-�� -�� -�}]�]�
��[� ≥ � �� � ⩵ � �� � ⩵ � �� ���� ⩵ �� ������[{��� �� �}]�](* �� �� �� ���� � ��� ���� �� ����� *) �
��[���� ⩵ ��
��[���[�� �] ⩵ �� ������[{��� �� �}]� � ������[{��� �� �}]�](* ��������� ����� ��� ��(�) ���� �>� *) �]�
��[���� ⩵ ��
������[{��� �� �}]�]�]�(* ��������� ��(�) ��� � ������������� �� �� *)
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �)�
��[���� ⩵ �� ������[{-�� -�� -�}]�]�
��[���� ⩵ ��
��[���[�� �] ⩵ ��
��[� ≥ � �� � ⩵ � �� � ⩵ � �� ���� ⩵ ��
������[ { �� � �������[��/�]� � �������[��/�]}](* �� �� �� ���� � ��� ���� �� ����� *) �]�
������[{�� ��� � ��}] (* �� ��� �� ��
���� ������ ���� �� ������ ��� ���� ���� ������� ���� ���� ��������� *)�]�
��[! (���[�� �] ⩵ �)�
��[� ≥ � �� � ⩵ � �� � ⩵ � �� ���� ⩵ ��
������[ { �� � �������[��/�]� � �������[��/�]}](* �� �� �� ���� � ��� ���� �� �����
�
���� ������ ���� � �� ��� ��� ��������� ������ *) �]�
������[{�� ��� � ��}] (* �� ��� �� ��
���� ������ �� � ���� ��� � ���� ����� ������ ���� ��������� ������ *)�]�]�
��[���� ⩵ ��
��[� ≥ � �� � ⩵ � �� � ⩵ � �� ���� ⩵ ��
������[ { �� � �������[��/�]� � �������[��/�]}](* �� �� �� ���� � ��� ���� �� ����� *) �]�
������[{�� ��� � ��}]�]�]�
��[((� ≥ � �� � ⩵ � �� � ⩵ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �))�
��[! ��������������������
��[� ≥ � �� �� ≥ ��
������[{-�� -�� -�}](*�_(�>�) ��� ��������� ��� �� ������ �� �� �� ��������
�� ��� ��� �������������������������������� *)�]�
��[�� ⩵ ��
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��[���[�� �] ⩵ �� ����� = ��� ����� = �� ]�
����� = ��
������[{������ ������ � �����}]�]�
��[� ≥ � �� �� ⩵ ��
��[���� ⩵ ��
��[���[�� �] ≠ �� ������[{�� �� �}]�]�
��[���[�� �] ⩵ ��
��[�� ⩵ � �� ���� ⩵ ��
��[� ⩵ �� ������[{�� �� �}]�]�
��[� ≥ �� ������[{-�� -�� -�}]�]�]�
��[�� ≥ ��
��[� ⩵ �� ������[{�� �� �}]�]�
��[� ≥ �� ������[{�� �� �}]�]�](* ���� ���� ����� ��� �������� ��� ��������(�����) �� ���� �� ������ ���� �=��*)�]�]�
��[���� ⩵ ��
��[���[�� �] ⩵ ��
��[�� ≥ � �� �� ≥ � �� �� ≥ �� ������[{�� �� �}]�]�
��[� ≥ � �� ���� ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � �� ���� ⩵ � �� � ≥ �� ������[{�� �� �}]�]�
��[�� ⩵ � �� ���� ⩵ � �� � ≥ �� ������[{-�� -�� -�}]�]�
������[{�� �� �}](* ���� �� ���� �� � ���� ���� �� ����� ��� ������ ������ *)�]�
��[���[�� �] ≠ ��
������[{�� �� �}]�]�]�](* ��� �>� ��� ��⩵� ����� ��� ��� �=� ����� *)�
��[� ⩵ � �� �� ≥ ��
��[�� ≥ � �� ���� ⩵ �� ������[{-�� -�� -�}]�](* ��� ����������� �� ��� *)�
��[�� ≥ � �� ���� ⩵ �� ������[{-�� -�� -�}]�](* ��� ������� ������������ *) �
��[�� ≥ �� ������[{-�� -�� -�}]�]�
��[� ≥ �� ≥ � �� ���� ⩵ � �� ���� ⩵ �� ������[{�� ��� � * ��}]�]�
��[�� ⩵ � �� ���� ⩵ � �� � ≥ �� ������[{�� �� �}]�]�
��[�� ⩵ � �� ���� ⩵ � �� ���� ⩵ � �� �� ⩵ � �� � ⩵ �� ������[{�� �� �}]�]�
��[�� ⩵ � �� ���� ⩵ � �� ���� ⩵ � �� �� ≥ �� ������[{�� �� �}]�](* ���� � ������ �� ����� ��
������� ��� ������������� *) �
������[{�� ��� � ��}](* ����� ��� ��������� ����� *) �]�
](* ��� ����� ������� ��� ��� �� ��� ��� ��� ������� ���� ��� ��� ������� *) �
��[� ≥ �� ��[����������������������������������������
������[{-�� -�� -�}]�]�] (* ���� �� ���� ���� ��� ���� ��������� ����� ��� �� *)�
��[� ≥ �� ������[{-�� -�� -�}]� ](* ���� �� ���� ���� ��� ���� ��������� ����� ��� ��--
���� �� ������� ������� �� ����������
��� �� ���� �� ��� ���� ����� �� ��� ����� *)�
��[�� ⩵ ��
��[� ⩵ � � ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�
����� = ���[������ ��]�
����� = ���[������ ��]�
��[���� ⩵ �� ������[{������ � �������[�����/�]� � ������� [�����/�]}]�]�
��[���� ⩵ �� ������[{������ ������ � �����}]�]�]�
��[�� ⩵ ��
��[� ⩵ �� ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�
����� = ���[������ ��]�
����� = ���[������ ��]�
��[���� ⩵ �� ������[{������ � �������[�����/�]� � ������� [�����/�]}]�]�
��[���� ⩵ �� ������[{������ ������ � �����}]�]�]�
��[�� ≥ � �� ���� ⩵ � �� ���������������������������������������� ������[{-�� -�� -�}]�](* �� ���� ���� �� ���� ���� ��� ���� ��������� ����� ��� ��� *)�
��[�� ≥ � �� ���� ⩵ � �� � > �� ������[{-�� -�� -�}]�](* �� ���� ���� �� ������ ���� ��� �������� ���� ����� ��� ��
��� �� ����� ��� �� ������ ���� ����� ���������




��[� ⩵ �� ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�
��[� ⩵ �� ����� = �� ����� = ��]�]�
��[���� ⩵ ��
��[� ⩵ �� ����� = �� ����� = ��]�]�
��[���� ⩵ �� ������[{������ � �������[�����/�]� � ������� [�����/�]}]�]�
��[���� ⩵ �� ������[{������ ������ � �����}]�]�]�
��[�� ≥ � �� ���� ⩵ ��
������[{-�� -�� -�}] (* ���� �� ������ ����� �� ������� � ������ ������ *)�]�
��[���� ⩵ � �� � ⩵ ��
��[�� ⩵ �� ����� = �� ����� = ��]�
��[�� ⩵ �� ����� = �� ����� = ��]�
��[�� ⩵ �� ����� = �� ����� = ��] (* ����� ���� ������� ��� ���� ����� �� ��� *)�
��[�� ≥ �� ����� = �� ����� = ���] �
��[���� ⩵ ��
����� = ��� [� �������[��/�]� ������� [��/�]]�
����� = � �������[�����/�]�
������[{������ ������ � �����}]�]�
��[���� ⩵ ��
������[{������ ������ � �����}]�]�]�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ � �
��[���� ⩵ ��
����� = ��� [� �������[��/�]� ������� [��/�]]�
����� = � �������[�����/�]�
������[{��� ������ � �����}]�]�
��[���� ⩵ ��
����� = ��� [��� ������� [��/�]]�
������[{��� ������ � �����}]�]�](* �� � ���� ���� ��� �������������� ������������� ���� ��������� ��� ������� �� ���
���� �� ������ ���� ������� ������ *)�]�
(* �� ��� ���� �� ��� *)
��[(� � < � � )�(* ������������� �� ��� ���� �� *)
��[(� ⩵ � �� � ≥ � �� � ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �
��[! ��������������������
��[�� > � �� ���� ⩵ �� ������[{-�� -�� -�}]� ]�
��[�� ⩵ ��
��[� ⩵ � || � ≥ �� ������[{�� �� �}]� ]�
��[� ⩵ �� ������[{�� �� �}]� ]�]�
��[�� ⩵ � �� ���� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � �� ���� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � �� ���� ⩵ �� ������[{�� �� �}]� ]�
��[�� ⩵ � �� ���� ⩵ �� ������[{�� �� �}]� ]�
����� = �������[��/�]�
����� = ������
������[ {������ ������ � �����}]�](* �� ����� ������������� ������ *) �
(* ������� ���� ������������ �������������� *)
��[�� ⩵ � �
��[ ���[�� �] ⩵ ��
��[ � ⩵ � || � ⩵ ��
����� = ��
����� = ��
������[{������ ������ � �����}]�]�]�
��[���[�� �] ≠ � �
����� = ��
����� = ��
������[{������ ������ � �����}]�]�]�
��[�� ⩵ � �
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ����� � � �����}]� ]�
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��[� ⩵ � �� ����������������������������������������
����� = �� ����� = �� ������[{������ ����� � � �����}]� ]�
��[� ⩵ � �� ! ����������������������������������������
����� = �� ����� = �� ������[{������ ����� � � �����}]� ]�
��[� ≥ � �� ���������������������������������������� ������[{-�� -�� -�}]� ](* ���� ��� ���� � ��� � ��� �� �� �� �������� ���� *) �
��[! ����������������������������������������
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ����� � � �����}]� ] (* ����� ����� (�����) *) �
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ����� � � �����}]� ] �
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ����� � � �����}]� ]
(* ����� ����� (�����) �� ������������� ������������ ������ �� � �� ��� �*) �]�]�
��[�� ≥ � �� ���� ⩵ � �� ���������������������������������������� ������[{-�� -�� -�}]� ]�
��[�� ≥ � �� ���� ⩵ � �� � ≥ �� ������[{-�� -�� -�}]� ]�
��[�� ⩵ ��
��[���� ⩵ ��
��[� ⩵ � � ����� = ��
����� = ��
������[{������ ������ � �����}]�]�
��[� ⩵ �� ����� = ��
����� = �� ������[{������ ������ � �����}]�]�]�
��[���� ⩵ ��
��[� ⩵ �� ����� = �� ����� = ��
������[{������ ������ � �����}] (* ���� � ������ � ��� � ����� *)� ]�
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ������ � �����}](* ���� � ������ � ��� ��� ���������� ����� (�����) *)� ]�
��[� ≥ �� ������[{-�� -�� -�}]
(* ���� ����� ������ ������ ���� ��� ����� ���� ��� �≥� ��������� �� ���� �� � �≥��
�� ����� �⩵� �� ��� �������� *)� ]�]�]�
��[�� ≥ � �� � ≥ � �� ���� ⩵ �� ������[{-�� -�� -�}]�](* ����� �� ��� �=� �� ������ ������� ��� ������� ���� ���� �� �������
�� ���� �� ���� ������ ������ ������������ *) �
��[�� ⩵ ��
��[���� ⩵ ��
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ������ � �����}]� ]�
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ������ � �����}]� ]�]�
��[���� ⩵ � �
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ������ � �����}]� ]�
��[� ⩵ �� ����� = �� ����� = �� ������[{������ ������ � �����}]� ]�]�]�
��[�� ≥ � �
��[���� ⩵ �� ������[{-�� -�� -�}]�] (* ������ ������ ������ *) �
��[���� ⩵ ��
��[� ⩵ �� ����� = �������[��/�]� ����� = �������[��/�]� ������[{������ ������ � �����}]�]�
��[� ⩵ �� ����� = ��� ����� = �� ������[{������ ������ � �����}]�](* ���� ��������� �� �� � �� ����
�� ���� �� �� ��� ������� ����� ���� ��� ���� ������� ���-(�����) ��� �=� *) �]�]�] (* ���� ���� ������������� �� ��� ���� �� *) �
(* ��������� ��(�) ��� � ������������� �� �� *)
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �)�
��[���� ⩵ ��
��[���[�� �] ⩵ �� ������[{��� �� � ��}]�� ������[{��� �� � ��}]�]�]�
��[���� ⩵ ��
������[{��� �� � ��}]�]�
��[���� ⩵ �� ������[{-�� -�� -�}]�]�]�(* ��������� ��(�) ��� � ������������� �� �� *)
��[(�� ≥ � �� �� ≥ � �� �� ⩵ �)�
��[���� ⩵ ��
��[���[�� �] ⩵ �� ������[{�� ��� �}]�� ������[{�� ��� �}]�]�]�
��[���� ⩵ ��
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������[ {�� ��� �}]�]�
��[���� ⩵ �� ������[{-�� -�� -�}]�]�]�]�
������[�������������������������������]�]�
(* ������������������������������������������������
���� ��� ������� ��������� ����� ������������ �������������� *)
�������������������������������������������������������������[
������������������������_� �����������������_� �����������������������������������_� ����] �=
������[{�� �� �� ������������������� ���������������� ���������������� ������� ������
���� �������������� �������������������������� ������������������������������������
����������������������������������������� �������������������������������















������ = �������[����[����������������� ���� �]]�
��������������� = ��������������������[������]�
������������� = {}�(*��� ������� ����� �� ��������������� ����� ���� ����� �� ��������� *)
���[� = �� � ≤ ������[�����]� �++�
������������������ = { -� *(������[[�]] - �) + �����[[�� �� �]]*������[[�]]� -�*(������[[�]] - �) +
�����[[�� �� �]]*������[[�]]� -��*(������[[�]] - �) + �����[[�� �� �]]*������[[�]]}(* ��������� ������ ����������� ������������� ���� ���������� ������������� *) �
��������������� = �������������������
���[� = �� � ≤ ������[������]� �++�
��[(� ≠ �) �� (���������������[[�� �]] ≠ �)�
������������������������� = ������������������������������������[�����[[�]]�
�����[[�]]� �����������������[[�]]� �����������������[[�]]� ������ �� � ]�(* ���� ���� �� �� ����� ������ ��� ���� ��� ��� �������������� *)
��[(�������������������������[[�]] < �|| �������������������������[[�]] < �|| �������������������������[[�]] < � ) � ������[{-�}] �]�
������������������������������ = �����[[�]][[�]]�
��������������������������������� ={���[������������������������������ [[�]]� �������������������������[[�]] ]�
���[������������������������������ [[�]]� �������������������������[[�]] ]�
���[������������������������������ [[�]]� �������������������������[[�]] ]}�
��[(�����[[�� �]] ⩵ {�� �� �����[[�� �� �]]} �� �����[[�� �� �]] ≥ �)|| (�����[[�� �]] ⩵ {�� �� �����[[�� �� �]]} �� �����[[�� �� �]] ≥ �)�
������������ = ���[�������[���������������������������������[[�]]/�]�
�������[���������������������������������[[�]]/�]]�
������������� = {� ������������� � �������������
���������������������������������[[�]]}� �
������������� = ����������������������������������]�
��������������� = ��������������� - ��������������]�]�
��[���������������[[�]] < � || ���������������[[�]] < � || ���������������[[�]] < �� ������[{-�}]�]�
����������������������������������� = {�����[[�� �]]� �����[[�� �]]� ���������������}�
��������[ ���������������������������������������� � �����������������������������������]�]�
������[����������������������������������������]�]�
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��������������������[���_] �= ������[{ ���������������� ������� ���������� }�
������ = ������[���]�
��������������� = �����[��[�����[���[[�]]] > �� �� �]� {�� �� ������}]�
���������� = �����[��[���������������[[�]] ⩵ ��{���[[�]]}
�
���[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ��� ���� ������*)�
������[����������]�]�
��������������[�������������_] �= ������[{�� �������������}�
������������� = �����[��[�����[�������������[[�]]] ≤ ��{�������������[[�]]}
�
�������������[[�]]]
� {�� �� ������[�������������]}]�
������[�������������]�]�
����������������������������������������������������[���_� �����������������_] �=
������[{�� �� ����������� ���������������� ������������� ������� ����������������
������������ ����������� ����������� �������������� �������������������� ���������
���������� �������� ����������� �������������������� �����������������������������
���������� ���������������������� ����������������������� ������������������}�
���������� = ������������������������������[���]�




��������������� = �����[��[�����[����������[[�]]] > �� �� �]� {�� �� ������}]�




� {�� �� ������}]�
���������� = �����[��[���������������[[�]] ⩵ ��{�����������������[[�]]}
�
�����������������[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ������ � ������ ���� ��*)�
���������� = �����[��[���������������[[�]] ⩵ ��{����������[[�]]}
�
����������[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ��� ���� ������*)�
������������������� = �����[��[���������������[[�]] ⩵ ��{������������[[�]]}
�
������������[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ��� ���� ������*)�
���������������������� = �����[��[���������������[[�]] ⩵ ��{���������������[[�]]}
�
���������������[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ��� ���� ������*)�
�����[
������������� = �������[����[
���[� = �� � ≤ ������� �++�
������������������ = �������[����[
���[� = �� � ≤ ������[����������[[�]]]� �++�
��[� ≥ ��
�������� = {�� �� �}�
��������� = {�� �� �}�
���������� =
������������������������������������[ ����������[[�� �]]� ����������[[�� � - �]]�
����������[[�� �]]�
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����������[[�� � - �]]� ����������� {�� �}� {�� � - �}�
����� ����� ����������������������� ����]�
��[�����[� ⩵ ������[����������[[�]] ] ]�
������� = {�� �� �}�]�
��[! �����[� ⩵ ������[����������[[�]] ] ]�
������� =
������������������������������������[ ����������[[�� �]]� ����������[[�� � + �]]�
����������[[�� �]]�
����������[[�� � + �]]� ����������� {�� �}� {�� � + �}�
����� ����� ����������������������� ���� ]�]�]�
��[� ⩵ ��
���������� = {�� �� �}�
��[�����[ ���������������[[�]] ⩵ �]�
������� = {�� �� �}�]�
��[�����[���������������[[�]] ⩵ �]�
������� =
������������������������������������[ ����������[[�� �]]� ����������[[�� � + �]]�
����������[[�� �]]�
����������[[� � � + �]]� ����������� {�� �}� {�� � + �}�
����� ����� ����������������������� ����]�]�
��[� ⩵ ��
�������� = {�� �� �}�
��������� = ������������������������������������[
����������[[�� �]]�
����������[[� + �� �]]� ����������[[�� �]]� ����������[[� + �� �]]�
����������� {�� �}�{� + �� �}� ����� ����� ����������������������� ����]�]�
��[� ⩵ �������
��������� = {�� �� �}�
�������� = ������������������������������������[
����������[[�� �]]�
����������[[� - �� �]]� ����������[[�� �]]� ����������[[� - �� �]]�
����������� {�� �}� {� - �� �}�
����� ����� ����������������������� ����]�]�
��[� < � < �������
�������� = ������������������������������������[
����������[[�� �]]�
����������[[� - �� �]]� ����������[[�� �]]� ����������[[� - �� �]]�
����������� {�� �}�{� - �� �}� ����� ����� ����������������������� ����]�
��������� = ������������������������������������[
����������[[�� �]]�
����������[[� + �� �]]� ����������[[�� �]]� ����������[[� + �� �]]�
����������� {�� �}�{� + �� �}� ����� ����� ����������������������� ����]�]�]�
��[(������[




������������������� = �������� + ��������� + ������� + �����������]�
���[�������������������]�](* ���� ���� ��� � ����� *)�][[�]]� �]�
���[������������������]�](* ���� ���� ��� � ����� *)�][[�]]� �]�]�
��������� = �����[�������������������[[�� �]] - �������������[[�� �]]�{�� �� ������}� {�� �� ������[����������[[�]]] }]�
��[(������[������[�������[���������]� (# < �) �]] > �)� ������[-�]�]�
���������������������������� = �����[������[����[����������[[�� �]]� -�]� ���������[[�� �]] ]�{�� �� ������}� {�� �� ������[����������[[�]]]}]�















���� ��� ����� ��������� ���������� �� � ���� �� ������������ ������������ ������� *)
(* ��� ��������� ������ ������ ���� �� ����� ����� � ������ ��� ������� ������������
��� � ��������� ���������� ����� �� ������� ���� ���������� �� ��������� ��������� ���
����������� ��� ������� ������ �� ���� �� ����� �� ��� ��������� ���������� ������������ *)
��������������������������������[������������������������_�
���������������������������_� �������������������_� ����] �=




��[������ ≠ � � �����[������� ������ �� ���� �� ��� ����]� ������[�����]� ]�
��[������ ≠ ������[���������������������������]�
�����[������� �������� ������� �� ��� ����� ��� �����]�]�
� = ������������������������[[�� �� �]]�(* ������ �� ��������� *)
� = ������������������������[[�� �� �]]�
� = ������������������������[[�� �� �]]�
� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
(* ��������� ����������� *)
��������� = ���������������������������[[�]]�
������������� = ���������������������������[[�]]�
��[(� ⩵ � �� � ⩵ � �� � > � )�
��[� > � �� ��������� ⩵ � �� (�� > � || �� > �)� ������[�����]� ](* ��� ����� �� ��� ��� �������� �� ���� �����
������� �� ����� *) �]�
(* ����� �� *)(* ���� ��� � �� ������� ���* ���� �_� ����� ��
� � �� �������������� ����� ��� ���������� ����������� ����� ���������
����� � ������ �� ���* �� � ��������� ������������� �� � ������ ����� *)
��[ (� ≥ � �� � ⩵ � �� � ⩵ �) (* �� �� �� ���� *) �
��[ (�� ≥ � �� �� ⩵ � �� �� ⩵ �) (* ��� ���* �� ����� *) �
��[ ������������� ⩵ ��
������[�����](* ���*� ��������� �� ������ ����� ���� ��* ��������� *)�]�]�
(* ��� ��������� ����� ������� �� ���� �⩵
� ��� ����� ���� �� �� �������� ��������� ������ ��� ��� ���������� *)
��[� ⩵ � �(* �� �⩵� �� �� ���� *)
��[((�� ≥ � �� �� ⩵ � �� �� ⩵ � ) �� ������������� ⩵ � )� ������[�����]� ](* ��� �� ����� ������ *) �
��[ (�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�] (* �_� ������ *) �
��[ (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�] (* �_�� ������ *) �]�
��[� ⩵ � �(* �� �⩵� �� �� ���� *)
��[((�� ≥ � �� �� ⩵ � �� �� ⩵ � ) �� ������������� ⩵ � )� ������[�����]� ](* ��� �� ����� ������ *) �
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� ������������� ⩵ �� ������[�����]�](* �_�� ��� ������ ������ *) �
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ �) � ������[�����]�] (* �� ��� ������ �������
���� ���� ����� ������ ��-�� �� �� �� *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
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��[������������� ⩵ �� ������[�����]�] (* ��������� ������� �� ������ ���� ��(�) (���)� *)�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � )� ������[�����]� ] (* ������ �������� �� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� (* �������� � �� ������ *)
��[������������� ⩵ �� ������[�����]�]�]�]�
]�(* ����� �_�� �� ����� ������� ���� ��������� ������ ����� ��������� ���� ������ ������ *)
��[(� ≥ � �� � ≥ � �� � ⩵ � )�(* ��������� ���� ������ ������ *)
��[ (�� ⩵ � �� �� ⩵ � �� �� > ��)|| (�� ⩵ � �� �� ⩵ � �� �� > �)
�
������[�����](* ������ �� ��� ��� ������ *) (* �� �� ��� ��� �� *)�](* ��� �� ��������� ���� ������ ������ *)�
��[� ≥ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ � ) �� ������������� ⩵ ��
������[�����] (* ��� ����� � ��� ����� �_� �≥� ����� � � �� *) �]�]�
��[� ≥ � �
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� ������������� ⩵ ��
������[�����](* �� � ���� � �� ����� � ����� ���� ����� �≥ �--����� ����� �� ����*) �]�]�
��[� ≥ � �
��[ (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� ������������� ⩵ ��
������[�����](* �� � ���� � �� ����� ����� ���� ����� �≥ �--����� ����� �� ���� *) �]�]�
��[� ≥ ��
��[ (�� ⩵ � �� �� ≥ � �� �� ⩵ �) �� ������������� ⩵ ��
������[�����] (* ��������� ��(�) (��≥���) ������ ���� ����� (≥�����) ����� ������ ��� *)�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ ��
������[�����] (* �_��* ������� ����� �>� ���� �� ��� *) �]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ ��)�
������[�����] (* �_≥��* ������� ����� �>� �� ��������� *)�]�]�
��[� ≥ ��
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �) �� ������������� ⩵ ��
������[�����](* ��� ����� � ���*� ����� �_� �≥� ����� � � �� *) �]�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ ��
������[�����] (* ��������� ��(�) (≥ �����) ������ ���� ����� (��≥���) ����� ����
�� ��� ��� ��� ����������� ���� ������� ����� ��������� ��� �������� *)�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
������[�����] (* �_≥��* ������� ����� �>� ��� �������� ��� ��������������� *)�]�]�]�
(* ����� ����� ������ ������������� *)
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� ((�� ⩵ � �� �� ≥ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ � ))�
��[� ⩵ ��
��[� ≥ � �� (�� > � || �� > �)� ������[�����]� ]�
��[� ⩵ � �� ��������� ⩵ � �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� (��������� ⩵ � || ��������� ⩵ �) �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� ��������� ⩵ � �� �� ≥ �� ������[�����]�]�] (* ��� ��������������� ��� ������� *) �
��[� ⩵ ��
��[� ≥ � �� (�� > � || �� > �)� ������[�����]� ]�
��[� ⩵ � �� (��������� ⩵ � || ��������� ⩵ �) �� �� ≥ �� ������[�����]�]�] (* ��� ��������������� ��� ������� *) �
��[� ⩵ ��
��[� ≥ � �� (�� > � || �� > �)� ������[�����]� ]�
��[� ⩵ � �� (��������� ⩵ � || ��������� ⩵ �) �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� (��������� ⩵ �) �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� (��������� ⩵ �) �� �� ≥ �� ������[�����]�]�
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] (* ��� ��������������� ��� ������� *) �
]�
(* ����� �� *)
��[� ⩵ � �� � ⩵ � �� � ⩵ � �(* �� �⩵� �� �� �����
��� ��������� ��� (�����)� �� ���� ���� �� ���������� ���������� �� ��������� *)
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (������) *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]�] (* �� ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ (���)*) �
��[ (�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�] (* ��*� �� ������ (���)*) �
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �� ) �� ������������� ⩵ �� ������[�����]� ](* ��* ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* ��* ��� �≥� ������ *) �]�]�(* ���� ������ �������� ��� ���� �� *)
(* ����� �� *)
��[� ⩵ � �� � ⩵ � �� � ⩵ � �(* �� �⩵� �� �� �����
��� ��������� ��� (�����) �� ���� ���� �� ���������� ���������� �� ��������� *)
��[� ⩵ � �(* �� �⩵� �� �� ���� ���� ��� ��������� ��� (������) *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* �� ��� �≥�� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* ��� ��* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]�] (* ��* ��� �≥� ������ *) �]�]�(* ���� ������ �������� ��� ���� �� *)
��[� ⩵ � �� � ⩵ � �� � ≥ � �� ��������� ⩵ ��
��[ �� ⩵ � �� �� ⩵ � �� �� ≥ �� ������[�����]� ](* �� � �>� ������ ���� �� ���� �>���������� ������ *)�]�(* ��� ��������� ��������� ����� �� ����������
��� ������� ���� ��� �� ��� ������ ����� �_� ���� ��� ����� ����
���� ���� ��� ��������� ������� ���� ��� ����������� ������ ���� ���-
���������� ������������ ��� �����
����������� �� ������ ������ *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ⩵ � �� � ≥ � �� � ⩵ �)� ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[�����]�](* ��� ��� ����� ���� �_�* ���� �>� ������ ���� �_� ���� �≥� *)�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ≥ � �� � ⩵ � �� � ⩵ �)� ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�](* ��� ��� ����� ���� �_�* ���� �>� ������ ���� �_� ���� �≥� *)�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ≥ � �� � ⩵ � �� � ⩵ �)� ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�](* ��� ��� ����� ���� �� ���� �>� ������ ���� �_� ���� �≥� *)�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ⩵ � �� � ⩵ � �� � ⩵ �)� ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�](* ��� ��� ����� ���� ��� ���� �≥� ������ ���� �_� ���� �≥� *)�
(* ����� �� *)
��[� ⩵ � �� � ⩵ � �� � ⩵ � �(* �� �⩵� �� �� �����
��� ��������� ��� (�����)� �� ���� ���� �� ���������� ���������� �� ��������� *)
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (������)� �� ���� �� ����������� ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]�] (* �� ��� �≥�� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��*� �� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) �� ������������� ⩵ � � ������[�����]�](* ��*� ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) �� ������������� ⩵ � � ������[�����]�](* ��*�� ��� �≥� ������ *) �]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]�] (* �� ��� �≥�� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��*� �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]�](* ��* ��� �≥� ������ *) �
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]�]�]�(* ���� ������ �������� ��� ���� �� *)(* ����� �� ��� �≥� ��� *)(* �� �⩵� �� �� ����� ��� ��������� ��� (�����)�
�� ���� ���� �� ���������� ���������� �� ��������� *)
��[� ⩵ � �� � ⩵ � �� � ≥ � �� ���[�� �] ≠ ��
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (������+�)� �� ���� �� ����������� ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + �) � ������[�����]�] (* �� ��� �≥�+� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + � ) �� ������������� ⩵ � � ������[�����]� ](* ��*� ��� �≥�+� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + ��) �� ������������� ⩵ � �
������[�����]�] �]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + � ) � ������[�����]�] (* �� ��� �≥�+� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]�] (* ��* ��� �≥� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ *) �
��[�� ⩵ � �� �� ≥ � �� �� ⩵ � � ������[�����]�] (* ��� �� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ *) �]�]�]�(* ���� ������ �������� ��� ���� �� ��� *)
(* ����� �� ��� �≥� ����� ������ �=� ������� ���������� �� �� ������� ���������� *)
��[� ⩵ � �� � ⩵ � �� � ≥ � �� ���[�� �] ⩵ ��(* �� �⩵� �� �� �����
��� ��������� ��� (�����)� �� ���� ���� �� ���������� ���������� �� ��������� *)
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (������+�)� �� ���� �� ����������� ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + �) � ������[�����]�] (* �� ��� �≥�+� ������ *) �
��[(�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � + �� � ������[�����]�] (* ��* ��� �≥�+� ������ *) �]�
��[��������� ⩵ � �� � ≠ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � + � ) � ������[�����]�] (* �� ��� �≥�+� ������ *) �
��[(�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]�] (* ��* ��� �≥� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ *) �
��[�� ⩵ � �� �� ≥ � �� �� ⩵ � � ������[�����]�] (* ��� �� ������ ���� *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ ���� *) �]�
��[��������� ⩵ � �� � ⩵ ��(* ��� �� �� ����������� ��� ��� ��������� ���� � ���� ������� ��� ������ ��� ��(�)���� *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* �� ��� �≥�� ������ *) �
��[(�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��*� �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]�] (* ��* ��� �≥� ������ *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ *) �
��[�� ⩵ � �� �� ≥ � �� �� ⩵ � � ������[�����]�] (* ��� �� ������ ���� *) �
��[�� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* �� �� ������ ���� *) �]�]�]�(* ���� ������ �������� ��� ���� �� ����� ������ �������� �=� *)
(* ����� ��� *)
��[� ⩵ � �� � ≥ � �� � ⩵ � �
��[� ⩵ � �(* �� �⩵� ��� �� ����� ��� ��������� ��� (�����) *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]�] (* �� ��� �≥� ������ ����� ����!!! *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]�] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
��[������������� > �� ������[�����]�](* ��������� ���� ���� �_� �� ��(�) ��� ������ ����� ��� ��� *)�
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��[� ⩵ � �(* �� �⩵� ��� �� ����� ��� ��������� ��� (������) *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* �� ��� �≥�� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��*� ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
��[������������� ⩵ �� ������[�����]�] �](* ��������� ������� ��� ���� ���� �_� �� ��(�)� ��� ������ ����� ��� ���*)�]�]�(* ���� ������ �������� ��� ���� ��� *)
(* ����� �� *)
��[� ≥ � �� � ⩵ � �� � ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (-����) �� ���� �� ����� ���� �� ��������� *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �)� ������[�����]� ] �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
��[������������� ≥ �� ������[�����]�] (* ��������� ������� �� ���� ���� �_� ������ ������
���� ���� ������ ���� ����� ��� ���>� ����� ���������� ������
����� ��� �� �� ������� ���� ���(�) ��� ���� �� �_� �� �_�+�_� *)�]�
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (�+������)� �� ���� �� ������������ ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� ��� �≥� ������
���� ����
������� ����� ��������� ����� ��� ������ ���� ������������� �� ����
����� �� ��� ������� ��� �����*) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
��[������������� ≥ �� ������[�����]�] �](* ��������� ������� �� ���� ���� �_� ������ ����� *)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ](* �� ��� �≥� ������� ���� ����� ���� �� ��������� *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
������[�����](* ��������� ��� ������� *)�]�]�]�
��[� ⩵ � �(* �� �⩵� �� �� ����� ��� ��������� ��� (�+������) *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� ��� �≥� ������
���� ����
������� ����� ��������� ����� ��� ������ ���� ������������� �� ����
����� �� ��� ������� ��� �����*) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
��[������������� ≥ �� ������[�����]�] �] (* ��������� ���� ���� �_� �� ������ �������� ����� *)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� ��� �≥� �������
����� ��� �� ������������ ������������� �� ��� ���*) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) �
������[�����]�](* ��������� ��� ������� ����� ��������� ���� �� ����� ������ ������ *)�]�]�]�(* ���� ������ �������� ��� ���� �� *)
(* ����� ������ *)
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��[( (� ≥ � �� � ≥ � �� � ⩵ � ) ) �
��[��������������������
��[(� > � || � > �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ � �� ������������� ⩵ �)� ������[�����]�](* ������� ����� *) �
��[(� > � || � > �) �� (�� ⩵ � �� �� ⩵ � �� �� > �)�
��[��������� ⩵ � �� � ≥ � �� �� ≥ �� ������[�����]�](* ������� ����� ����������������������*)�
��[��������� ⩵ � �� � ≥ � �� �� ≥ �� ������[�����]�](* ������� ����� ����������������������*)�
��[��������� ⩵ � �� � ≥ � �� �� ⩵ �� ������[�����]�](* ������� ����� ����������������������*)�
��[��������� ⩵ � �� � ≥ � �� �� ≥ �� ������[�����]�](* ������� ����� ����������������������*)�
��[��������� ⩵ � �� � ≥ � �� �� ⩵ �� ������[�����]�](* �������� ������ *)�
��[��������� ⩵ � �� � ≥ � �� �� ≥ �� ������[�����]�](* �������� ������ *)�
��[��������� ⩵ � �� � ≥ � �� �� ≥ �� ������[�����]�](* �������� ������ *)�]�]�
��[(� > � || � > �) �� ��������� ⩵ ��
��[ (�� ⩵ � �� �� ≥ � �� �� ⩵ �) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�](* (������) ��������������������� *) �
��[� ≥ � �� (�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]� ](* ������� ��������������������� *) �]�
��[(� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)� ������[�����]�](* �������� ������������ ������������ �� ��� ��������� *)�
��[ (� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� ��������� ⩵ �� ������[�����]� ](* ������� ���� ��� �_� ���������� �� ��� ����� ���������� �������
�� ���
��������� ��� �� � �� ���� ������� �� �_�� ��� ����� ���� �� ����������
�� ���� ��������� �� � -� ��� ��� ���������� ��
������� ���� ���� �� ��������� ���� ������ ���������
���� ��� �_� ����
������ ���� �_� �� ������ ������� ��������� �� �_�� ���� ��������
�� ���� �� ��� �������� �� �����
����������������� ��� ����������� *) �
��[ (� ⩵ � �� � ⩵ � �� � ⩵ � �� � ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �)�
��[��������� ≥ �� ������[�����]�] (* ��(�) ��� ������� ����� ���� �����
���������� ����� ������� ��� �� ���������� ��������� ���
��������� ����� ���� ����������
���
������������������������� ��� �������� *)�]�
��[ (� ⩵ � �� � ≥ � �� � ⩵ �) �� ��������� ⩵ ��
��[� ⩵ � �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� �� ≥ �� ������[�����]�]�
��[� ⩵ � �� �� ≥ �� ������[�����]�]�](* ��(�) ��� ������� ����� ���� ����� ����������
����� ������� ��� �� �� �� ���� ����� (�����) �������� ��������� ���
��������� ����� ���� ��������� ��� �������� ��� ������������������������� ������� �� �>
� ��(�) ��� �������� *)�
��[ (� ≥ � �� � ⩵ � �� � ⩵ �) �� ��������� ⩵ ��
��[ � ⩵ � �� �� ⩵ � � ������[�����]�]�
��[� ⩵ � �� �� ⩵ �� ������[�����]�]�
��[� ⩵ � �� �� ⩵ �� ������[�����]�]�](* �� ��������� (≥�����) ������ ���� � ���������� �� ��� ��������� ����� ����� � ���� �����
���� ��� ����� �� ��� ������������ *)�
��[ (� ⩵ � �� � ≥ � �� � ⩵ �) �� ��������� ⩵ ��
������[�����]� ] (* �_� ��������� ��� �������� ���� �>� *) �(* �� �⩵� ������ �� �����
��� ����� ������� �� ��(�) ��� ���� ������������ ���� (�����) �� ������� *)
��[��������� ⩵ � �� (�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[�����]�](* ��(�) ������ ���� ���� ��� ������ �� ���� *) �
��[��������� ≥ � �� (�� ≥ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]�](* ��(���� �) ������ ���� ��� ��� ������ �� ���� *) �
��[��������� ⩵ � �� � ≥ � �� (�� ⩵ � �� �� ≥ � �� �� ⩵ �)� ������[�����]�](* ���� ��� �� ������� ��� ��� ����� ������������ *) �
��[� ⩵ � �� ��������� ≠ �� ������[�����]�]�
��[� ⩵ � �(* �� �⩵� ������ �� �����
��� ��������� ��� (�+����+����)� �� ���� �� ������������ ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� ��� �≥� ������ �� �� ���� *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* ��_� ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
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��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�] �]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� �� ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ] (* ��� ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]� ](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) � ������[�����]� ] (* �� �� ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � �� ������������� ⩵ � ) � ������[�����]� ](* �� � ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ ��)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]�](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�]�
��[� ⩵ ��(* �� �⩵� ������ �� �����
��� ��������� ��� (�+����+�����)� �� ���� �� ������������ ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]�] (* �� ��� �≥�� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ] (* �� � ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]�] (* ��* ��� �≥� ������ *) �
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�] (* �� ��� ���� ���� ���������*)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) �� ������������� ⩵ �� ������[�����]� ](* �� �� ��� �≥�� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* ��� ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]� ](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* �� �� ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* ��� ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]� ](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�]�
��[� ⩵ ��(* �� �⩵� ������ �� �����
��� ��������� ��� (�+���+����)� �� ���� �� ������������ ��������� *)
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* �� ��� �≥�� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ] (* �� � ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ � � ������[�����]�] (* ��* �� ������ *) �
��[�� ≥ � �� �� ≥ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �




��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) � ������[�����]� ] (* �� �� ��� �≥�� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ] (* �� � ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��* ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]� ](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* �� �� ��� �≥� ������ *) �
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� ������������� ⩵ �� ������[�����]� ](* �� � ��� �≥� ������ *) �
��[ (�� ≥ � �� �� ≥ � �� �� ≥ �)� ������[�����]�] (* ��* ��� ���* �� ������ *) �
��[ �� ≥ � �� �� ⩵ � �� �� ⩵ � �� ������[�����]�] (* ��* �� ������ *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ � � ������[�����]� ] (* ��*� ��� �≥� ������ *) �
��[( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) � ������[�����]� ](* ��������� ��� ������� *)�
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ������������� ⩵ �� ������[�����]�](* �� ��� ���� ���� ���������*)�]�]�]�(* ���� ������ �������� ��� ���� ������ *)
(* ��* ��� ������ ������� ������������ *)
��[ � ≥ � �� � ≥ � �� � ≥ ��
��[�� ≥ � �� (! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))� ������[�����]� ]� ](* ��* ��� ������ ����� ���� �������� ���� �������� *) �
��[ � ≥ � �� � ⩵ � �� � ⩵ � �� ��������� ⩵ ��
��[(�� ⩵ �)� ������[�����]� ](* ��*� ���� �≥ � ������ ���� ����� �⩵� ����� ���� ������� ������ ����� *)�]�
��[ � ≥ � �� � ⩵ � �� � ⩵ � �� ��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �)� ������[�����]� ](* ��� ���� �≥ � ������ ���� ��� �⩵� ����� ���� ������� ������ ����� *)�]�
(* ���� ������ �� ������������ *)
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ � �� ������������� ⩵ �) � ������[�����]�](* �� � ������ ��� �>� ���� ������� *) �
(* ��� ��������� ��������� ����� ��
���������� ������ ���� ��� ����� ��� ���� ���-���������� ����������� *)
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ≥ � �� � ≥ � �� � ≥ �) � ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ≥ � �� �� ≥ � �� �� ≥ �) � ������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (� ≥ � �� � ≥ � �� � ≥ �) � ������[�����]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �) �� (�� ≥ � �� �� ≥ � �� �� ≥ �) � ������[�����]�](* ��� ��� ����� ��� ��� ������� ������ ���
���� ����� ���� �������� ���� ��� ��� ������ ���� �≥� ���� ���� �_��
���� ����������� �� ������� �� ������� � ���-������� ������ ����������
�_�* ���� �≥� ������ ���� ��� *) �
��[(� ⩵ � �� � ⩵ � �� � ⩵ �)�
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�]�
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > �) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > �) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > ��) �� ������������� ⩵ � )� ������[�����]�]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ⩵ �)�
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > �� ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > �� ) �� ������������� ⩵ � )� ������[�����]�](* ��� ��� ��� ��� �� ���
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��������� ����� *) �]�
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � ) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > ��) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > ��) �� ������������� ⩵ � )� ������[�����]�]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > ��) �� ������������� ⩵ � )� ������[�����]�]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ⩵ �)�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� > �� �� ������������� ⩵ � )� ������[�����]�]�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� > �� �� ������������� ⩵ � )� ������[�����]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ ��)�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � (� - �) - �) �� ������������� ⩵ � )� ������[�����]�]�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� (�� > � (� - �) ) �� ������������� ⩵ � )� ������[�����]�](* ��� ��� ��� ��� �� ���
��������� ����� *)�]�
(* ��������� ������ ���� ���������� ������� �� ���
�� ��� ��� ����� ������� ���������� ���������� ��� ����������
�� � -� ���� �_�� ���� ���� ������ ��������� ���� ���� �� ������������ ���� �� ��(�)(��� ��� ��� ��� ���� ������ ����)� ����� �_� ��� ����� ����� �� �_� ����������� ������� �������
��������� �� ��� ������ �� ������ �� ���� ��� ��� ������� ��������� �������� *)
��[� ⩵ � �� ! (� ≥ � �� (! (� ≥ � �� � ⩵ �) ) )�
��[�� ⩵ � �� �� ⩵ � �� �� ≥ �� � ������[�����]� ] (* �� ��� �� ��� �� ��� �� ��� *) �
��[�� ⩵ � �� �� ⩵ � �� �� ≥ �� � ������[�����]� ] (* �� ��� �� ��� �� ��� �� �� *) �]�
������[���������������]�]�
(* ������������������������������������
���� ��� ����� ��������� �� � ������� �� ������ ���� ���������� ������������� *)
�����������������������������������[������������������������_� ���������������������������_�
����������������_� ����] �= ������[{���������������� ������� �� �� �� ��� ��� ��� ��� ���
��� ���������� �������������� �������������� ��� �� ��� �� �� ����������� ����������}�
��������������� = �����
��[������[���������������������������] ≠ � || ������[������������������������] ≠ ��
�����[������� ��������� ���������� ��� �� ����������� ���� ��������� ��� ��� �� ������ ��]�
������[�����]�]�
(* ������ �� ��������� ����� ���� ������ *)
� = ������������������������[[�� �� �]]�
� = ������������������������[[�� �� �]]�
� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�
�� = ������������������������[[�� �� �]]�




� = ������������������������[[�� �� �]]�(* �� = ������������������������[[�����]]�
��� ������ ��� ���������� �� ������ �� ������ ���� ���� ������ ��
������ ��� �� ���� ���� ���� ������������ �� ��� ����� ������ *)
��[�����������������
�� = ������������������������[[�� �� �]]�]�
(* ����� ��������� ��� ����� *)
� = ��
� = ��
��[������ ≠ � �
�����[������� ������ �� ����� ������ ��� ������� ������ �� ��� ������]� ������[�����]� ]�
��[������ ≠ ������[������������������������] || ������ ≠ ������[���������������������������]�
�����[������� �������� ������� �� ��� ����� ��� ��������]�]�
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��[(� ⩵ � �� � ⩵ � �� � > � )�
��[ ��������� ⩵ � �� (�� > � || �� > � ) �� (�� > � || �� > �)� ������[�����]� ](* ��(�) �_� ����� ���� ���
���������� ��� ���������� ���� �� ���� �������� �� ���� ���������� ������ ����� ��
��� ������������ ������������� ������� *) �
��[(� ⩵ � || � ⩵ � || (� ≥ � �� ��������� ⩵ � )) �� (�� > � || �� > � ) �� (�� > � || �� > �) ��(�� > � || �� > � || �� > � || �� > �)� ������[�����]�] (* �� ����� ����
��� �� ������ ������ ��� �������� ���� �� ��� ��������� �� � �� ����� ��� ��� ���������� ��
� �������� ��� �������� ���� ��� ������� ���� ������������ �� ��� ���� ������������ ������� *) �
��[�����������������
��[��������� ⩵ � �� (���[�� �] ≠ �) �� � ⩵ ��
��[�� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� > �)�
��[�� > (�� + �) - �� ������[�����]�] (* �� ��� ���� ������� �⩵�� �� ������ ����
��� �� -
� �_� ��� ����� ��������� ���� � ���� ��
��� ������������
�� �� ���� � �� ��� ��������� ����������
�� ��� ��+
� ����� ��������� �� ����� *) �]�]�
��[��������� ⩵ � �� (���[�� �] ⩵ �) �� � ⩵ ��
��[�� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� > �)�
��[�� > (�� + �) - �� ������[�����]�] (* �� ��� ���� ������� �⩵�� �� ������ ����
��� �� -
� �_� ���� ����� ��������� ���� � ���� ��
��� ������������
�� �� ���� � �� ��� ��������� ����������
�� ��� ��+
� ����� ��������� �� ����� *) �]�]�](* ����� ��� ��� ���� ������������ ���� ����� ���� �� ���� ������� �������*)�]�
(* ���� ��� � �� ���� ���������� ������ ���� �� ������� �� ���� ��� ���� ������ ���� �� *)
��[ � ≥ � �� � ⩵ � �� � ⩵ � (* �� �� �� ������ *)
�� �� ≥ � �� �� ⩵ � �� �� ⩵ � (* ��� ���* �� ���� *)
�� ( (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) || (�� ≥ � �� �� ⩵ � �� �� ⩵ �))�(* ��� ��������� �� ����� *)
��[ ������������� ⩵ � (* �� �� ���* *)
�� ������������� > � � (* ������ ���� �� �� �_��* *)
������[�����]�]�]�
��[ (� ≥ � �� � ⩵ � �� � ⩵ �)�
��[ (���[�������[��/�]� ��] + ���[�������[��/�]� ��] ≥ (�� - � �) ) �� ��������� ⩵ ��
��[ (�����[ ���[�������[��/�]� ��]] ) �� (�����[ ���[�������[��/�]� ��]] )� ������[�����]� ](* ���� ��� � ���������� ���� �� ���� ���� � ��������������
���� �� �� ������� ��������� *) �]�
��[ (���[�������[��/�]� ��] + ���[�������[��/�]� ��] ≥ (�� - � �) ) �� ��������� ⩵ ��
��[ (! �����[ ���[�������[��/�]� ��]] ) || (! �����[ ���[�������[��/�]� ��]] )� ������[�����]� ](* ���� ��� ��������� ��� ���� ������ ��������
�� ���� � ������������ ���� �� ���� *) �]�
��[(���[�������[��/�]� ��] + ���[�������[��/�]� ��] > (�� - � �) )� ������[�����]�](* �� ���� ���� � ��������� ���� ������� ��� ��� ���������� ��� ������� *) �
��[� ⩵ � �� ��������� ⩵ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)� ������[�����]� ](* ��+�_� ��� ��� � ����� ���������� ����� ���� �����
������ ���� � ������������� ��� ����� ��� �������� �����
��� ���� �� ����� ���� ��(�) ������ *) �]�
��[� ⩵ � �� ��������� ⩵ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
������[�����]�](* ��+�_≥ � ��� ��� � ����� ���������� ����� ���� �����
������ ���� � ������������� ��� ����� ��� �������� �����
��� ���� �� ����� ���� ��(�) ������ ���� ��� �_� �������� ��
����� ����� �������������� *)�]�
��[� ⩵ � �� ��������� ⩵ ��
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
������[�����]�
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](* ���+�_≥� ��� ��� � ����� ���������� ����� ���� �����
������ ���� � ������������� ��� ����� ��� �������� �����
��� ���� �� ����� ���� ��(�) ������ *)�]�
��[� ⩵ � �� ��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� (�� ≥ � �� �� ⩵ � �� �� ⩵ �) �
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ≥ � �� �� ⩵ �) �
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �
������[�����]�]�](* ��� ���� �� ���� �� ��������� � ��� �������������� ����� ����� ������ ���� �� ��������������
��� ��� ��� ������ ���� ��� �������� ���� �_� ��� ��� ������������ �� *) �]�
(* ��� ��� ���� ����� ��� ��* *)
��[ (� ≥ � �� � ⩵ � �� � ⩵ �)�
��[ (���[�������[��/�]� ��] + ���[�������[��/�]� ��] ≥ (�� - � �) ) �� ��������� ⩵ ��
��[ (�����[ ���[�������[��/�]� ��]] ) �� (�����[ ���[�������[��/�]� ��]] )� ������[�����]� ](* ���� ��� � ���������� ���� �� ���� ���� � ��������������
���� ��* �� ������� ��������� *) �]�
��[ (���[�������[��/�]� ��] + ���[�������[��/�]� ��] ≥ (�� - � �) ) �� ��������� ⩵ ��
��[ (! �����[ ���[�������[��/�]� ��]] ) || (! �����[ ���[�������[��/�]� ��]] )� ������[�����]� ](* ���� ��� ��������� ��� ���� ������ ��������
�� ���� � ������������ ���� �� ���� *) �]�
��[(���[�������[��/�]� ��] + ���[�������[��/�]� ��] > (�� - � �) )� ������[�����]�](* �� ���� ���� � ��������� ���� ������� ��� ��� ���������� ��� ������� *) �](* ���� �� ��� ����� �� ����� ���� �� ������� �� ������������
������������� ������ ���� �� ��� ��� ��������� ��� ���� ������������� �� �
��������� ��� ����� ����� ��� �� (�� ��* ) �� ���� ��� ������ �������� *) �
(* ���� �� ��� ������ ��� ��������� ��(�) ���� �>� ����� � ���� �� � ����� *)
��[ (� ≥ � �� � ⩵ � �� � ⩵ �) �� ��������� ⩵ ��
��[ (���[� �������[��/�]� � �������[��/�]] + ���[� �������[��/�]� � �������[��/�]] > (�� - � �) ) �
������[�����]�](* �� ���� �� - �� � ��������� ��� ������ ������ ����� ���� ���� ����� *) �]�
��[ (� ≥ � �� � ⩵ � �� � ⩵ �)�
��[ ���[��� �] ⩵ � �� ���[��� �] ⩵ � �� �� + �� ⩵ (�� - � �) �� ��������� ≠ � �
������[�����]�](* �� �� ���� ��� ����� ��������� �� ��������� �� � ���� �� ���� �� ��(�)�
����� �� ��� �����
����� ��� ���� �� ������ �_� ������ (����� ����) ��
�� �����
���� ������ � � � �� ����� ��� ������ ��� *) �
��[���[��� �] ⩵ � �� ���[��� �] ⩵ � �� �� + �� ⩵ (�� - � �) �� ��������� ≠ ��
������[�����]�] (* � ������������� ��� ������ ����� ���� ���� �� ��(�) *) �
��[���[��� �] ⩵ � �� ���[��� �] ⩵ � �� � �� + �� ⩵ (�� - � �) �� ��������� ≠ ��
������[�����]�](* � ������������� ��� ������ ����� ���� ���� �� ��(�) *) �]�
��[(� ≥ � �� � ≥ � �� � ⩵ �) �� (� ⩵ �) �� (��������� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� ((�� ≥ �) �� (! (�� ≥ � �� �� ⩵ �)) )� ������[�����]� ](* ��� �� ��� ��� ��� ���� *) �
��[(� ≥ � �� � ≥ � �� � ⩵ �) �� (� ⩵ �) �� (��������� ⩵ �) ��(�� ⩵ � �� �� ≥ � �� �� ⩵ �) �� ((�� ≥ �) �� (! (�� ≥ � �� �� ⩵ �)) )� ������[�����]� ](* ��� �� ��� ��� ��� ���� *) �
��[(� ≥ � �� � ≥ � �� � ⩵ �) �� (� ⩵ �) �� (��������� ⩵ �) ��(�� ≥ � �� �� ⩵ � �� �� ⩵ �) �� ((�� ≥ �) �� (! (�� ≥ � �� �� ⩵ �)) )� ������[�����]� ](* ��� �� ��� ��� ��� ���� *) �
��[(� ⩵ � �� � ⩵ � �� � ⩵ �) �� (� ⩵ �) �� (��������� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) � ������[�����]� ](* �� ���������(�� �=�) �� �� ����������
��� ��������������������� ��������� ��������� ����� ��������� �������*) �
��[(� ⩵ � �� � ⩵ � �� � ⩵ �) �� (� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) � ������[�����]� ](* �� ���������(�=�) ���(�����) �� ��������� ��� ��� ����������
��� ��������������������� ������*) �
��[(� ⩵ � �� � ⩵ � �� � ⩵ �) �� (� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) ��(�� ≥ � �� �� ⩵ � �� �� ⩵ �) � ������[�����]� ]
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(* �� ���������(�=�) �� �� ��������� ��� ��� ����������
��� ��������������������� ������*) �
��[(� ⩵ � �� � ⩵ � �� � ⩵ �) �� (� ⩵ �) �� (�� ⩵ � �� �� ⩵ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ⩵ �) � ������[�����]� ](* �� ���������(�=�) �� �� ���������� ��� ��������������������� ������*) �
(* ��� ������������ ���� ����� �� �������� (���� ������ ���������� ����� �� ������)� *)(* ��� ��������� ������ �������� ����� ���� ��� �� ������������� *)
��[( (� ≥ � �� � ⩵ � �� � ⩵ �) || (� ⩵ � �� � ≥ � �� � ⩵ �) )
�� (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
��[��������� ⩵ ��
��[ � ⩵ ��
������[�����]�]�
��[ � ⩵ ��
��[�� ≥ � || �� ≥ �� ������[�����]� ]�]�
��[ � ⩵ ��
��[�� ≥ �� || �� ≥ ��� ������[�����]�]�]�]�
��[��������� ⩵ ��
��[ � ⩵ ��
��[�� ≥ � || �� ≥ �� ������[�����]� ](* �� ��(�)+��(�) ����� ��(�) �� �� ���� *)�]�
��[� ⩵ ��
��[�� ≥ �� || �� ≥ ��� ������[�����]�](*�� ��(�) �������� ��������
����� ���� �� ����� ������ ��� ������� *)�]�
��[� ⩵ ��
��[�� ≥ � �� �� ≥ �� ������[�����]�](* ��� ��� ������� �� �� �� ��� �� ��� ����������_�� �� � -��
�� ����� ����� ��� ���� � ������� ��(�)+��(�) ��� �������� *)�]�
��[� ⩵ ��
��[�� ≥ � �� �� ≥ �� ������[�����]�](* ��� ��� ������� �� �� �� ��� �� ��� ����������_�� �� � -��
�� ����� ����� ��� ���� � ������� ��(�)+��(�) ��� ���������*)�]�
��[� ⩵ ��
��[(�� ≥ �� �� �� ≥ �) || (�� ≥ �� �� �� ≥ �) � ������[�����]� ]�] (* ��� ��� ������� �� �� �� ��� �� ��� ����������_�� �� � -��
���� ����� �������� ������ ���� ��� *)�]�
��[��������� ⩵ ��
��[� ⩵ ��
��[�� ≥ � || �� ≥ �� ������[�����]�](*�� ��(�) �������� ��������
����� ���� �� ����� ������ ��� ������� *)�]�
��[� ⩵ ��
��[(�� ≥ � || �� ≥ �) � ������[�����]�](*�� ��(�) �������� ��������
����� ���� �� ����� ������ ��� ������� *)�]�
��[� ⩵ ��
��[(�� ≥ � || �� ≥ �) � ������[�����]�](*�� ��(�) �������� ��������
����� ���� �� ����� ������ ��� ������� *)�]�
](* ���� ����� ��(�) ������������ ���
�������� ���� ���� ������������ ��� ��� ���� �������� ������ �����������
��� �� ���������� �������� ��� �������
����� ���� ��� ���� ����������� ��� ��(�)� *) �]�
��[( (� ≥ � �� � ⩵ � �� � ⩵ �) || (� ⩵ � �� � ≥ � �� � ⩵ �) )�
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )� ������[�����]� ]�
��[� ⩵ � �� � ≥ � �� (�� ⩵ � �� �� ⩵ �) � ������[�����]� ](* ��� ��(�) �>� ���� ��� � �� �������������������������� �� ��� ���� ������� *) �
��[� ⩵ � �� � ≥ � �� (�� ⩵ � �� �� ⩵ �) � ������[�����]� ](* ��� ��(�) �>� ���� ��� � �� ������������������������� �� ��� ���� ������� *) �] �
��[��������� ⩵ ��
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ ��) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )� ������[�����]� ]�
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��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
������[�����]� ]�
��[� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
������[�����]� ]�
��[� ⩵ � �� (�� ⩵ � �� �� ≥ � �� �� ⩵ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
������[�����]� ]�
��[� ⩵ � �� (�� ≥ � �� �� ⩵ � �� �� ⩵ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
������[�����]� ]�]�]�
(* ������ ������������ *)
��[(� ⩵ � �� � ⩵ � �� � ≥ �)�
��[� ≥ � �� (�� > � || �� > �) �� (�� > � || �� > �)�
������[�����]�](* ���� �� ��������� ��������� ���� ������� �� ������������ �������������*)�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ ��)�
��[��������� ⩵ � �� �� ⩵ � �� �� ⩵ � ��
�� ≥ ( � (� - �) - � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )� ������[�����]�]�
��[��������� ⩵ � �� �� ⩵ � �� �� ⩵ � �� �� ≥ ( � (� - �) ) ��(�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )� ������[�����]�](* �� ������ ���� ���������� �������� ������ ��(��-�) �� ��(��)
��� ��� ������{��} ������{�} ����� ������������ *)�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = �����[��/�]�
� = �����[��/�]�
��[ � + � > � (� - �)� ������[�����]�](* ��� �� �� �� ����� ������� ��(�-�)*)�]�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = �����[��/�]�
� = �����[��/�]�
��[ � + � > � (� - �) - �� ������[�����]�](* ��� �� �� �� ����� ������� ��(�-�)*)�]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ⩵ � )�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) ��(�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )� ������[�����]� ]�
��[��������� ⩵ � �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �� ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
������[�����]� ](* �� ������ ���� ���������� �������� ������ ��� ��� �� ���� ��� ����� ��� *) �
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = �����[��/�]�
� = �����[��/�]�
��[ � + � > � - �� ������[�����]�](* ��� �� �� �� ����� ������� ��(�-�)*)�]�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = �����[��/�]�
� = �����[��/�]�
��[ � + � > �� - �� ������[�����]�](* ��� �� �� �� ����� ������� ��(��-�)� ����
� �� ������ � �� ���� ����� �� ���� ����� �+�>�� ��� �� ��� ������� ��(�)�
���� ���� ��� ��
������� �� �� �� ����� ���� �� �� ����� ������������ ��������������*)�]�]�]�
(* �_�* ������������ *)
��[(� ⩵ � �� � ⩵ � �� � ⩵ � )�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = ���[�����[��/�]� �����[��/�]]�
� = ���[ �����[��/�]� �����[��/�]]�
��[ � + � > � - �� ������[�����]�](* ��� ������ ����� ������ ����������� ����
��[�>��� (�≥ �-�)�� (�>�)� ������[�����]�](* ������ ������� �� ������� ��� �>��*)�
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��[�⩵��� �>� �� �+�> �-�� ������[�����]�](* ������ ��� ��� ����� � ������ �� ������ �������*)�
��[�>��� �+�> �-�� ������[�����]�](* ��� �� �� �� ����� ������� ��(�-�)*)�*)�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
� = �����[��/�]�
��[� ⩵ � - ��
������[�����]�](* ���� �� ������ �� ���� ��� ���������� ��� �����
��� ������� �� ���� �� ������ ���� ����� �������� ���� �������� *)�]�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = ���[�����[��/�]� �����[��/�]]�
� = ���[ �����[��/�]� �����[��/�]]�
��[ � + � > � - �� ������[�����]�](*��� ������ ����� ������ ����������� ����
��[�>��� (�≥ �-�)�� (�>�)� ������[�����]�](* ������ ������� �� ������� ��� �>��*)�
��[�⩵��� �>� �� �+�> �-�� ������[�����]�](* ������ ��� ��� ����� � ������ �� ������ �������*)�
��[�>��� �+�> �-�� ������[�����]�](* ��� �� �� �� ����� ������� ��(�-�)*)�*)
�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ≥ � �� (! (�� ≥ � �� �� ⩵ �) ) )�
� = �����[��/�]�
��[� ⩵ � - ��
������[�����]�](* ���� �� ������ �� ���� ��� ���������� ��� �����
��� ������� �� ���� �� ������ ���� ����� �������� ���� �������� *)�]�]�](* ��� ���� ��������/��� ����� ������ ������������ ��� ���� ��(�-�)+��(���[�-���])
��� �_�*�� ��� ��(�-�)+��(���[�-���]) ��� �_�*��*)�
(* �_�* ������������� *)
��[(� ⩵ � �� � ⩵ � �� � ⩵ � )�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = ���[�����[��/�]� �����[��/�]]�
� = ���[ �����[��/�]� �����[��/�]]�
��[ (� + � > � - �)� ������[�����]�]�]�]�
��[��������� ⩵ ��
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) �� (�� ⩵ � �� �� ⩵ � �� �� ≥ �)�
� = ���[�����[��/�]� �����[��/�]]�
� = ���[ �����[��/�]� �����[��/�]]�
��[((� + � > � - �) )� ������[�����]� ](* ��� ��� �� ���� �� ��� ���� ���� ��� ��� ������ ������� ��
��� ��(��) �����
��[�≥ ���(�+�>�-� )�������[�����]�]�
��[�≤���(�>��� (�+�>�-�))�������[�����]�](* ��� ������ ��� �� ���� ���� ����
��� �=�� ��>�+��� ���� ��� �� ��� ����� �� �������� ����
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��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ⩵ � �� �� ≥ � �� �� ⩵ �)�
������[�����]�](* �_� �_� (�� ������) ��� � ��� ���� ���� ������ ���� ��� �������������*) �]�](* ��(�) ������������� ��� ��� �����-���*)�
��[���������� ⩵ ��
��[� ⩵ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))�
������[�����]�]�]�
��[� ⩵ ��
��[((�� ⩵ � �� �� ⩵ � �� �� ⩵ � )|| (�� ⩵ � �� �� ≥ � �� �� ⩵ �)|| (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) ��((�� ⩵ � �� �� ⩵ � �� �� ⩵ � )|| (�� ⩵ � �� �� ≥ � �� �� ⩵ �)|| (�� ≥ � �� �� ⩵ � �� �� ⩵ �)) ��(�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))�
������[�����]�](* ��� ���� �� �� ������ ���� {�_��������}
�� ���������� �������� ��� ��� �����-�� *)�]�](* ��(�) ������������ *)�](* ��� ����� �������� ���������� ��� ������������
���� ����� ��� ���������� ��� ���� �� �������
��� ���������� ����� ���� ���������� �����
��������� ������ ���� ���� ����� ����������
���������� �������� *)�
(* ��� ������������ *)
��[(� ⩵ � �� � ≥ � �� � ⩵ �)�
��[� ⩵ ��
��[(�� ≥ � �� �� ≥ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))�
������[�����]�]�]�
��[� ⩵ ��
��[((�� ⩵ � �� �� ≥ � �� �� ⩵ �)|| (�� ⩵ � �� �� ⩵ � �� �� ≥ �)) ��((�� ⩵ � �� �� ≥ � �� �� ⩵ �)|| (�� ⩵ � �� �� ⩵ � �� �� ≥ �)) ��(�� > �)�
������[�����]�]�](* ���� �� ������� ����� ���� �� �� ������������
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�������������� ��� �� ���� �� � ������� *)�]�(* �_� ��� ������ ����������� �� ������ ���������� ��� ������ *)(* �� ���� ��� ���������� ��� ������ ���� ��������� (�⩵��� �⩵����≥ �)*)
��[(� ⩵ � �� � ⩵ � �� � ≥ �)�
��[���������� ⩵ ��
��[(�� > � || �� > �) �� (�� > � || �� > �) �� (�� > � || �� > �)�
������[�����]�]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ �)�
��[� ≥ � �� (�� > � || �� > �) �� (�� > � || �� > �) �� (�� > � || �� > �)�
������[�����]�](* ���� �� ��������� ��������� ���� ������� �� ������������ �������������*)�]�
(* �_� ��� ��� ������������� �������� ���� �=�� *)
��[(� ⩵ � �� � ⩵ � �� � ≥ � �� � ⩵ �)�
��[���������� ⩵ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ � �� ���� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� > � || �� > �)�
������[�����]�]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ � �� ���[�� �] ≠ �)�
��[���������� ⩵ ��
��[(�� ⩵ � �� �� ≥ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� > � || �� > �)�
������[�����]�](* ���� ��� ����������� ��� �_�� *)�]�
��[���������� ⩵ ��
��[(�� ≥ � �� �� ≥ � �� �� ≥ �) ��(�� ≥ � �� �� ≥ � �� �� ≥ �) �





��[�� > � �
������� = �����]�





��[�� > � �
������� = �����]�
��[(�� - �) + (�� - �) > (� - ������� - �������)� ������[�����]� ]�
��[�� ⩵ � �� �� ⩵ � �� �� ≥ ��
��[(�� - �) + (�� - �) > (� - ������� - ������� - ��)� ������[�����]� ]�](* ��� �� �� �_� ��� � ��� �� ������ *)�]�
��[(�� ≥ � �� �� ≥ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �)�





��[�� > � �
������� = �����]�
��[(�� - �) > (� + � - ������� - �� - ��)� ������[�����]� ]�](* �������� �� ������ �� �� �� ��� ����������� ��� �_�* + ��� �_� ������� *)�
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_ _]�]�
(* �_� ���� ��� ������������� �������� ���� �=�� *)
��[(� ⩵ � �� � ⩵ � �� � ⩵ �)�
��[(�� ≥ � �� �� ≥ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��((�� > � �� (�� + �� ≥ ��)) ||(�� + �� > ��))�
������[�����]�]�
��[(�� ≥ � �� �� ≥ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��((�� - �) + �� + �� > �)�
������[�����]�]�]�
��[(� ⩵ � �� � ⩵ � �� � ≥ � �� ���[�� �] ⩵ �)�
��[���������� ⩵ ��
��[� ⩵ � ��(�� ⩵ � �� �� ≥ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ ��) ��((�� > �) || (�� > ��))�
������[�����](* ���� �_�� �� � ������� �� ������� *) �]�]�
��[���������� ⩵ ��
��[(�� ≥ � �� �� ≥ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��((�� - �) + �� + �� > � + �)�
������[�����](* ���� ���� ��� ����� ��������� �� ���� ��� ���(�_�* �_�* �_{�-�-�}) �� ��������� ������� ���������
��������������*)�]�]�]�
(* ��������� ������ �_� ��� �� *)(* ���� �_� ���������� ���� ���� *)
��[� ⩵ � �� � ⩵ � �� � ⩵ ��
��[(�� ≥ � �� �� ⩵ � �� �� ⩵ �) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ � �� ���� ⩵ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �)|| (�� > �))�
������[�����]�]�
��[(�� ≥ � �� �� ≥ � �� �� ≥ � ) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �)|| (���� ⩵ �)|| (�� > �)|| (�� > �))�
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) ��(�� ⩵ � �� �� ⩵ � �� �� > �) ��(�� - � + �� ⩵ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �))�
������[�����]�]�
��[(�� ≥ � �� �� ≥ � �� �� ⩵ � ) ��(�� ⩵ � �� �� ⩵ � �� �� > �) ��(�� - � + �� ⩵ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �))�
������[�����]�]�]�
(* ���� �� ���������� ���� ��� *)
��[� ≥ � �� � ⩵ � �� � ⩵ ��
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��[(�� ≥ � �� �� ⩵ � �� �� ⩵ � ) ��(�� ≥ � �� �� ≥ � �� �� ≥ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �)|| (���� ≥ �)|| (�� > �))�
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��(�� ≥ � �� �� ≥ � �� �� ≥ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �)|| (���� ≥ �)|| (�� > �))�
������[�����]�]�
��[(�� ≥ � �� �� ≥ � �� �� ≥ � ) ��(�� ⩵ � �� �� ⩵ � �� �� ≥ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ≥ �)|| (���� ⩵ �)|| (�� > �))�
������[�����]�]�
��[(�� ⩵ � �� �� ⩵ � �� �� ≥ � ) ��(�� ⩵ � �� �� ⩵ � �� �� ⩵ � �� ���� ⩵ �) ��( (�� ≥ � �� ! (�� ≥ � �� �� ⩵ � �� �� ⩵ �))|| (���� ⩵ �)|| (�� > �))�
������[�����]�]�]�
������[����](* ��������� ��� ������� ������� ��� ������� ����� ��
������� �� ���� ������� *)�]�
(* �������������������������������������������������������������������������
����� ��������� �/ �������������������������� *)
������������������������������������������������������������������������[������_�
�����������_� ���������_] �= ������[{����������������� ���������������������}�




(* ����������������������������������� ���� ������� � ��������� ���������� �� ������ �� ������ *)
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����������������������������������[������������������������_� ���������������������������_ ] �=
������[{��������� ������� �����������������������������
����������� ���������������� ������������������������ ��������������







�����[������� ������ �� ������ ��� ��������� ���������� ����� ������]�]�]�
��[������ ≥ ��
���[� = �� � ≤ ������ - �� �++�
���������������������������� ={������������������������[[�]]� ������������������������[[� + �]]}�
����������������������� = { ���������������������������[[�]]�
���������������������������[[� + �]]}�
��[! ��������������������������������[
���������������������������� � ����������������������� ]�
������[�����]� ]�
��[! ��������������������������������[
�������[����������������������������] � �������[����������������������� ]]�
������[�����]� ]�]�]�
��[������ ≥ ��
���[� = �� � ≤ ������ - �� �++�
������������������������������� ={������������������������[[� - �]]� ������������������������[[�]]�
������������������������[[� + �]]}�
�������������������������� ={���������������������������[[� - �]]� ���������������������������[[�]]�
���������������������������[[� + �]]}�
��[! �����������������������������������[
������������������������������� � �������������������������� ]�
������[�����]� ]�
��[! �����������������������������������[




���� �������� �� ����� ��������� �������� �� ��� ������ ���� *)
���������������������������������������������������[������������������������_�
���������������������������_ � ��������_] �= ������[{�������������� �����������}�
������������� = ���[��������� �]�
����������� = ������[���������������������������]�





����������������������_� ���������������������������_ � ��������_] �= ������[{�������������� ������������ ������������������������������������� ������������������������������� }�
������������� = ���[�������� - �� �]�









(* �������������������������������������� ���� ����� ��������� �� ��� �������� ����� ���������� *)
�������������������������������������[������������������������_�
���������������������������_ � ���������_] �= ������[{�������������� ������������ ������}�
������ = ���[������[���������������������������] � ������[������������������������]]�
��[������[�������[{���������������������������} ]] ≤ � �� ������[������������������������ ≠ �]�
�����[������ ��� ��������������������������������������]�]�
��[������[������[�������[{�� ���������������������������}]� (# < �) � ]] > �� ������[�����]� ]�
������������� = ���[���[���������[[�]] - �� �]� ������]�
����������� = ���[���������[[�]]� ������ ]�




(* ��� ��������� ��� ������� ����� ������ ������
���� � ����� ���� ��� �� ������� ��� ���� ���� ����� *)
(* ����������������������������� *)
����������������������������[] �= ������[{�� �������}�
������� = ��
���[� = �� � ≤ ��� �++� ������������������[{�}] = �� �������++� ]�
������[�������]�]�
(* ������������������������ *)
�����������������������[] �= ������[{�� �� �� ����������������������� ������������� �������}�
������� = ��
���[� = � � � ≤ ������[��������]� �++�
���[� = �� � ≤ ������[��������[[�]]]� �++�
���������������������� = {{�}� ��������[[�� �]] } �
������������ = ��������������[����������������������]�
��������������������������[ {����������������������} ] =
�����[{������������[[�]]}� {�� �� ������[������������]}]�
�������++�]�]�
������[�������]�]�




��������������������� = ��������������������� + ������[������������]�
�����[������� ����������� ������� ����� ����� ������� ������ �� ������
������[������������]]�]�
�����[





](* ������ �������� ���� ����� ���� ����������� ���� ������ �� ����� �� ���� ��� ����� *) �
��������� ���� ������ ������������ �������� ���� {��� �������� ��� ������ ��� ��� �������} = {��� ���}
(* ����������������������� ��� ��������� ����� ���� ��� ������ ����� ���� ��� �� ������� �� ����� *)
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����������������������[������_] �= ������[{��������}�













(* ������������������������ ������ ����� *)
�����������������������[������_] �= ������[{}�
��[������[������] > ���������������������������� ������[]�]�





�������������������������������� = ������](* ������ ���� �� ���� � ������ ���� *) �




���[� = �� � ≤ ������[����������]� �++�
������ = ����������[[�]]�
��[ �����[(� ⩵ ����������������������[������])]|| �����[(� ⩵ ����������������������[�������[������]])]�
��������[]�](* ���� ������ �� ������� ������ �� ���� ����� �� ��� ��� ���� ���� *)�
��[









����� ��� ������� ������ ������ ���� �� � ��������� �� ���� ����� ��� ������� ��� ������ *)




���[� = �� � ≤ ������� �++�




















�������������� = ��������������������������[ �������������������� ]�
�������������������������� = ������












�������[ ���������������[[�]]] � ����� ]� {�� �� ���������������}]�
������� = �����[�������[������������[[�]]� �]� {�� �� ���������������}]�
�
������� = �����[ �������������������������������[
���������������[[�]] � ����� ]� {�� �� ���������������}]�]�
������[�������]�]�
�����������������������������������������[������_] �=
������[{�� ���������� ���������������� �������������� ������������������������������
���������� ��������������� ������������������������������������








��[�����[������] > �� ������� = ������ ������� = ������]�










��������������������� = ������������������������[���������� ���������]�




������[ ������[�������� ! �����[#[[�]] ⩵ {{-�}}] �]]�]�
�
������[{{-�}� {-�}}](* ������ ���� �� � ���� �����*)�]�]�
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�������������������������[������_� ���������_� �������_� �����] �=
������[{�� ���������������� �������������������� ������������� ��������� ������������ �����������������
�������������������������� ������������������� ���������������� �����������������}�(*�� ���� � ����� ������� �� ��� �� �������� ��� �� ���� ��� ���������*)





����������������� = {-�} (* ���� ������ *)�
��[(! (�����[������ ⩵ ����])) �� ����������������������[������] ⩵ �� ������[������]�]�
��[! ��������
������������������������� = ����������
��[�����[���������] > � (* ��� ����� �� � ���� �� ��� ��������� ����� �� ��
�� � ���� �� ����� �� ������ ���� ���� ����� �� *)�
���[� = �� � ≤ ������[�������������������������]� �++�




��[��������������������������� ≤ ������[�������������������] ≤ ����������������������������
��������[���������������� �]�
��������[������������� �������������������]�]�]�]�
��[������[���������������] ⩵ �� ������[]� ](* �� ���� ���� ���������� �� ������� ������ *)�
������������������ = �������[����[
���[� = �� � ≤ ������[���������������]� �++�
���[�������������������������[[���������������[[�]]]]]�]�][[�]]� �](* ����� �� ��������� ������
���� �� � ���� �� ����������� �� ��������� ������� ������ *) �
������������������ = �������[������������������� �]�
�
������������������ = ������������������������� (* �� ���� ���� �� ��� � ������ ���� �������� *)�
����������������� = �������[����[�������������������������[[�� �]]� ���� �]](* ���� ��� ������ ���� ��� ����� ����������� *)�
��[����������������������[�����������������] ⩵ �� ������[]�]�](* ���� ������ ��� ����� �� �� � ���� �� ����� �� ��� �� � ���� �� ������ *)�
�(* �� �-����� ���� ��� ��� ��� ���� �������� ��� �� ���� ��� ������� *)
����������������� = �������
������������������ = ����������](* ��� ����� ��� ���-������ �� ���� ���������
��� ������ �� ���� � ������ ���� �� ���� *)�
�����[�������������������������� ⩵ �����
�����[�������������������������������]�]�
��������������������������� = �����(* ����� ��� ���� ����� ������� *)
���[� = �� � ≤ ������[������������������]� �++�
��������������������������[������������������[[�� �]]] = ������������������[[�� �]]�]�





��������������������������� = �����(* ��� ��� ����� ������� ����� ��� ���� ��� *)�





���[� = �� � ≤ ������[��������������������]� �++ �
�������������������� = �����������������������������������������������[
������������������������� ��������������������[[�]]]�
��[�����[�������[{��������������������}] ⩵ {-�}]� ��������[]�]�
��[ ��������������������[ ��������������������]�
���[��������������������[[�]] ]�]�]�][[�]]� �]�




��[������[������[��������� (# < �) �]] > ��
������[�����]� �
������[����]�]�]�
(* ��� ��������� ������ ������� ��� �������� ����������� �� ��� ����� ������
���� �������� ���� ��� ���� ���������� �� ������ ���������� ����������� ���� ���
������� �� �� ���� ������ ���������� ������ ������� ��� ���� �� ���� ���� ������ *)
������������������������������������������������[������_� �����������_� �������������_�
����������������������_] �= ������[{ ��������������������� ���������������������������������
������� ���������������������������������� ��������������������������������������
����������������������������������� ���������������������������������������� �� �� �� ��
�������������������������������� ������������������������������� ���������������������
��������������������� ������������� ������������������������� ��������������������������������
������������������� �������������� ������������������ ������������������
���������������������� ����������������������������� ���������������������������������
������������� ����������������� ����������� ��������������������� ����}�
(* �� ���� �� ��� ���� �� ������ ��� ���� ������� *)





















���[� = ������������� + �� � ≤ ������ � �++ �
������������������������������ = ������
������������� = ����[������� �]�
������������������ = ����[������������ �]�
������������������������������� = ����[������������������������� �]�
���������� = ��
���������������������������� = �����[{��������������[�����������[[�]] ][[�]]}�{�� �� ������[��������������[�����������[[�]] ]]}]�
��[�����[��������������������������������� ⩵ -�]� ������[{{-�}}]�]�
��������������������������������� = ������[����������������������������������
����������������������������]�




���[� = �� � ≤ ������[���������������������������������]� �++�
���������������������������������� = ���������������������������������[[�]]�
��[�����[���������������������������������� ⩵ -�] ||
�����[�������[����������������������������������] ⩵ {-�}]� ��������[]�]�




���[� = �� � ≤ ������[���������������������] � �++�
��[�������������������������������������[��������������������������������
���������������������[[�]]�{� - �� � - � + ����������}]�
������������������������������ = �����
���[���������������������[[�]]]�]�]�][[�]]� �]�
��[(! (�����[�������[{��������������������������������}] ⩵ {-�}]))
�� �����[������[�������[{��������������������������������}]] ≠ �]�
���[��������������������������������]�]�]�][[�]]� �]�
��[�����[�������������������������������������] > ��
������������������������������������� = �����[����� �������������������������������������]�]�





��[�����[{-�} ⩵ �������[{���������������������������������}]]� ������[����]�]�
������������������������������������� = {}�](* ���� �� ���� �������� ����� �������� ������ ����� ��� ������� *)�




(* ������������ ������ ��� ������ *)




(* �����������������[] ������ ����� ������� ������ ��������� ������� *)
�����������������[] �= ������[{�����������������}�
����������������� = ������������[] - ���������
�������� = ������������[]�
������[�����������������]�]�
(* ��������������[] ����� ������ ���������� *)
��������������[] �= ������[{�����������������}�




������[! �����[{-�} ⩵ �������[{��������������}] ]]�]�
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��������������������������[������_� �����������_] �= ������[{}�
��[�����[������ ⩵ �������[������]]�
������[ ����������������[������������ (�����[�������[#�] ⩵ #�] || �����[#� ⩵ #�]) �]]�]�
������[����������������[�����������]]�]�
���������������������[������_] �=
������[{���������� ���������������� ���������� ������������������������� �������������� ����������
��������������� ������������ � � �� �� ������������������������������������� ���������
������������������ ����������������� ���������������� �������������� ���������������������
����������� ������������������������������������ ��������������� �����������
����������������������������� � ���������� ��������������� �������������� ���������������





��[�����[��������� ⩵ {-�}]� �����[������ �� ������� � ��� ���� ���� �����������]� ������[{-�}]�]�(* �����[��������� ��������� ����� ������� ������������������� ������ ��������������������[]]�





�����[�������=����� � � ���������������������� � ������� �������]�]�
����������������������������� = ������������������������[������]�
��������� = ����������������������������� [[�]]�
�������������� = ����������������������������� [[�]] �
������������� = ������[��������������]�
��[����������������������[������] ⩵ ��
�������������������� = ������������������������[���������� ���������]�
������������� = ���[���������������������������������������������������� ���������� {�}]�
����������������������������������� =
�������[ �����[{�������������[[�]]� ��������������������[[�� �]]}�{�� �� ������[�������������]} �{�� �� ������[ ��������������������[[�]] ]}]� �]�
����������������������������������� = ������[������������������������������������(��������[#[[�]]] ≠ ��������[{-�}]) � ]�
��������������� = ���[�����[������������������������������������������������� #] ��
����������������������������������� ]�
��������������� = ������[���������������� �����������������]�
��������������� = ��������������������������[������� ���������������]�
�����[{������� �#������� ������[���������������]�
������� �����������������[]� ���������






�������������� = �����[ ����[���������[[�]]� �������������]� {�� �� ������[���������]}] �
���������������� = ������������������������[��������������� ���������]�
����������� = �������[���� [






��[������[�������[{�������������}]] ⩵ �� ��������[]� ]�
��[�����[{-�} ⩵ �������[{�������������}]] � ��������[]�]�
���[ � = �� � ≤ ������[�������������]� �++�
��������� = �������������[[�]]�
�������������� = ������������������������������������������������[���������� ��������� ]�
��[! �����[{-�} == �������[{��������������}]]�
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���[ ��������������]�]�]�]� ][[�]]� �]�
(*��������������[������[������]] = �� *)
��[������ ⩵ �������[������]�
����������� = ����������������[������������ (�������[#�] ⩵ #� || #� ⩵ #�) �]�
�
����������� = ����������������[�����������]�]�
��[������ �� ( ������[������] ≤ ���������������������������)�
��������� = �����[{���������[[�]]� ����������[���������[[�]]]}� {�� �� ���������������}]�
���������������������� = �������������������������[������� ���������]�
��[������[����������������������] > ��
�����[��������� ����������������������� � ������ ��������� ����� �����]�]�]�
����������� = ����[�����������]�
�����[{������� �#������� ������[�����������]� ������� �����������������[]� ��������� ����������
������ ������ ��������������[]� �������� ���� ����� �� ���������� �������������}] �
������[�����������]�]�
(* ������������������������������������ ���� ����� ���� �� � ������ ����� �������� *)





������[ ����[����� ����[������ �]]]�]�
(* ����������������������������������������������������� *)
(* ���� �������� � ���� �� ������� �� � ��� ������ �� ������� ����
�� ������� ��� ��� ������ ����� �� ���� �������� ��� ������ ������� ������ *)
����������������������������������������������������[�����������_� ������������_] �=
������[{�� �� �� ������������ �������������
����������������������������������������� ������������� ������������� ���������������}�
��[ ������[�������[{�����������}]] ⩵ �|| ������[�������[������������]] ⩵ �|| �����[�������[{�����������}] ⩵ {-�}]|| �����[�������[{������������}] ⩵ {-�}]�
������[{{-�}}]�]�
��������������� = �������[����[
���[� = �� � ≤ � (* ��� ������� ��� ����� *)� �++�
����������� = ������[������������ (����[#] ⩵ �) �]�
������������ = ������[������������� (�����[#] ⩵ �) �]�
��[������[�����������] ⩵ � || ������[������������] ⩵ �� ��������[]�]�(* �� ������ ��� ���� ������� �� �� ������ �������� ��� ���� ������ �� ��� ��� ����� *)�
������������ = ����[������������� �� �](* ���� ��� �� ����� �� *)�
���������������������������������������� =
�������[����[
���[� = �� � ≤ ������[�����������]� �++�
���[� = �� � ≤ ������[������������]� �++�
������������ = ����[�����������[[�]]� ������������[[�]]]�
���[������������]�]�]� ][[�]]� �]�
���[����������������������������������������]�]�][[�]]� �](* ������� �� ����� ��� �� ������ ��� �������� �� ����������*)�
��������������� = �������[���������������� �]�
��[�����[���������������] < �� ������[{{-�}}]� ]�
������[���������������]�]�
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����������������������������[�����������_� ��������������������_� �������_] �=
������[{�� ��������������������� �������� ������������� ��������������
����������������������� ���������������������������� �������������������������������}�
������� = {}�
��[�����[{-�} ⩵ �������[{��������������������}]]|| (� == ������[�������[{��������������������}]])�
������[{{-�}}]�]�
������������ = ���[���[�� ������� - �]� ������[�����������]]�
������������� = ���[������� + �� ������[�����������]]�
���������������������� = {������������� �������������} (* � ��������� ���� ������ ��� ����� *) �
��[������������ > ��������������




���[� = �� � ≤ ������[��������������������]� �++ �
��[������[��������������������[[�]]] ⩵ �|| (�����[�������[{��������������������[[�]]}] ⩵ {-�} ])� ��������[]�]�
��������������������������� = ����[ ��������������������[[�]]� ����������������������]�
�������������������� = �����������������������������������������������[
�������������������������������� ��������������������������� ]�
��[�����[�������[{��������������������}] ⩵ {-�}]� ��������[]�]�
��[ ��������������������[ ��������������������]�
���[��������������������[[�]] ]�]�](* ��� ��� ���� *)�][[�]]� �](* ��� ���� *)�
��[������[�������] ⩵ �� ������[{{-�}}]� ]�
������[�������]�]�
(* ������������������������������������������������������
���� ������ �� ������� �� ��� ���� ��������� *)
������������������������������������������������������[������_] �=
������[{�� �� �� �� �� �� � � ������������������������������ ����������
��������������� �������������� ������������� �����������������������������
�������������� �������������������� ���������������������������������� �������
���������������� ���������������� ����������� ������������������������������ ���������





���������������������� ������������������������ ������������ ����������














��������� = ����������������������������� [[�]]�
�������������� = ����������������������������� [[�]] �
������������� = ������[�������[{��������������}]]�
��������������� = �����������������������������������������[��������������]�
��������������� = {} (* �� ���� ���� ����� �������� �� ��� ������ ����� ��������� ��� ���
������ ����� ������� ��� ���������� �� ����� �� ������� ������ ��




��������������� = �����������������������������������������[����[������� �]]�
�����[����� ���� ���� ����� ������ ��� �������������������������������������������������]�(* ���� ������ ��� ��� ����� ���� ��� ���� ������ *)
�
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���[� = �������������� � < ������[������]� � = � + ���[����������� �]�





���������� = ������������������� - ��
��[( � + ���������� ≤ ���������������������������)�
��������[�������������������
����[������� ���[������� � + ���[����������� �]]]](* �� ��� �� ����� ��� ������ *)�]�(* �� ������ ����� ��� �������
�� ��� ��� ������� �� ��� ��������� ���� ��������� {���+�} *)
��[� + ���������� < ��������������(* �� ���� ���� �� ���� �� � ������ ����� *)�
��[! �����[{�� ���[� + �� ������]} ⩵ {�� �}]�
��������[������������������� ����[������� {�� ���[� + �� ������]}]](* ��� �� ��� ������ ������� *)�]�
���������� = ��
������������� = ����[������� {�� ���[� + �� ������]}]�
������������������� = ��(* �� ���� ���� �� ��� ����� �� ��� ��� ���� ����� �� �� �������� �+�
���� ������� �� �������� �� *)�
����������� = �������������������������[�������������]�
��������������� = �������[����[







{�� �� ������[��������������[��������������������� ] ]} ](* ����� �� ��� ������� �� ������������ ����� �� �����
������ ��� ���� ������ ��� ��� ������������ *)]�
���[{���������� �����������������}]�]�][[�]]� �]�
���[���������������](* �� ���� ��� ����� �������� ����������� ��� ����





�����[���������������]�](* �� ��� ����� ������ ��� ������ ��
�� ��� ����� �� ��� ��� ������� ����� �� ����� �� ������
��� �� ���� ���� �� �� ����� �� ��� ������ *)�
��������������� = ����������������
��������������� = {}�
��������[](* �� �� ��� �������� ���� �� ����� ���� �� ����� ��� ������� �� �����������
�� �� ���� �� ��� ���� ��������� �� ��
���� �� ��� ��� �� ��� � ����� *)�]�
�(* ���������� �� ��� ���� ������ ������ �� ���� ����� ���� ���� ��� ��������� *)
��������������� = �����������������������������������������[�������������]�]�




���� ��� � ��������� �� ���� ������ ��������� ���� ��� �� ������ �� � ������ �������� *)
����������������������������� = �������[����[
���[� = �� � ≤ ������[���������������]� �++�
�������� = ���������������[[�]]�
��[������[��������] ⩵ ��
�����[����� ������ �� �����]� ��������[]�](* ��� �������*)�





�����[������ �� ��� ������ �������������������������������������������������]�
��������[]�]�
��[������[���������������] ⩵ ��
�����[������ �� ������� ��� �������������������������������������������������]�
�����[{}]�]�
���[� = �� � ≤ ������[���������������]� �++�
��������� = ���������������[[�]]�
��[������[��������� ⩵ �]�
�����[������ ������ �� �����]� ��������[]�](* ��� �������*)�
��[������[���������[[�]]] ⩵ �� ��������[]�](* ��� �������*)�
�������� = ���������[[�]]�
������������������� = ���������[[�]]�
��[! (�����[�������[[�]] ⩵ ��������[[�]] ])(* ������������ ���� ����� �� ������� �������� *) �
��������[] (* �� ���� ����� ������
���� ���� �� ���� ����� ���� ����������� ������ *)�
�
�������� = �����������������������������������[�������� ��������]�
��[ ! ��������������������[
�������������������������[
����[��������� {���[�� � - �]� ���[� + �� ������[��������]]}]]]�
��������[]�]�
��[ �����[{-�} ⩵ �������[{ ������������������ } ] ]|| �����[{-�} ⩵ �������[{ ������������������� } ] ]|| � ⩵ ������[�������[ { ������������������ } ] ]|| � ⩵ ������[�������[ { ������������������� } ] ]
(* ������ �� ��� ���� ����� �� ����� ������� �� ��� �� ���� �� ������ *) �
��[��������������������������� ≤
� ≤ ����������������������������
���[ { ��������� {{-�}} }]�](* �� ����� ������ �� ������ �� ������ ���� �������������� (�� ������)� *)�




��(��������������������������� ≤ � + ���������� ≤ ���������������������������)�
���[ { ��������� {{-�}} }](* �� ����� ���




��[(�����[�������[{���������������������������}] ⩵{-�}] || � ⩵ ������[�������[{���������������������������}]])
�� (��������������������������� ≤
� + ���������� ≤ ���������������������������)�
���[ { ��������� {{-�}} }](* ��� ����






��������� #� �] �]�
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��[ ( (� ⩵ ������[�������[{���������������������������}]])|| (�����[{-�} ⩵ �������[{���������������������������}]]))
��(��������������������������� ≤ � + ���������� ≤ ���������������������������)�




��������������������������� }](* ����� ��� ��� ���� ���� ����� *)�](* ���� ���� ������� ���� ����
��� ����� ���� ��� ������� ����� ���� ��� ��� ����� *)�]�](* ��� ��� ������ �� ��� ��� ���� �� ��� ���� �� ��� ������������ ������ *)�] (* �������� ������������ � ���������
�� ����� ��� ����� ���� �� ����
���� ������ �����������������������
�� ���� ��� ���� ��� �������
��� �������������*)�](* � ���� ��� *)�]�][[�]]� �](* � ���� ���� ������� ����� ���� ��� �� �� �������� ��� ������� �� � ����
�� {��������������} ������ ��� ��� ����� ���������� *)�
��[������[�����������������������������] ⩵ �� �����[{}]� ]�
���[�����������������������������](* ��� ����� �� ����� �� ����� �� ����� ������*)�
��������������� = ������������������������������
��������������� = {}�](* � ���� ���� ����� �������� ������ ������ �������� ���� ����������
����������� �� ������ �� �������� � ����� ��� ������� *)�][[�]]� �](* �� ���� ��� ������ ��� ������� ��� ���� �� ����� �� ������������������ �� ����� ������� *)�
��[������[�����������������������������] ⩵ �� �����[{}]�]�(* ����� ��������� ������� �� ���� ����� *)
�������������������������[����� ��������������������������������������]�
�����[�����������������������������]�](* ���� ���� ��� ������� ���� �� ��� ����� ��� ����� ��� ������ �� *)�
������[��������](* �� ������ ��� ���� �� ������� ��������� ������ ��������� ������������
����� ���
�� ������� ����������� ���� ������ ������� ������� �� ��� �������
����� ��� ���� �� ���� ������ ��� �����������
��� ��� ���������� �� ��� ��� ���������� ��������� *)�]�
������������������������[����������_] �= ������[{���� �������������������}�
��� = ����������[[�]]�
������������������� = ������[�������[���]� (# < �) �]�
������[�������������������]�]�
�����������������������������������������������������[����������_] �=
������[{�� �� �� �� �� �� ������� ���������������� ����������������
����������������������������� ��������������� ������������������������
������������������������������������� �������������������� ��������������������
���������������������������������� ��������������� ����������� �������������������������
������������������������������� ���������������� �������������������
������������������ ��������������������������� ��������������������������
��������������������������������� ��������� ���������������������� ���������������������
���� ���� ���������������������������� ��������������� ������ ���������������� }�
������ = ������[����������]�
(* ����� �� ����� �� ��� ����� ������ �� ������ *)
��[����������������������[����������] ⩵ ��
����������������� = �����������������������������������������[����������]�
��[(������[������[�������[{�����������������}]� (# < �) �]] > �)�
������[�����������������](* �� ��� ���� ���� �� ��������� ������ ������� *)�](* ��� �� ����� ��� ���� ��� ���� �� ��� ������ �������� *)�]�
��������������� = �����[��[�����[����������[[�]]] > �� �� �]� {�� �� ������}]�




������[(������������������������������������������������������[���������������[[�]]])�! �����[#[[�]] ⩵ {{-�}}] �]
�
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{}]� {�� �� ������}]�
�������������� =
�����[��[���������������[[�]] ⩵ �� ����������[[�� �]]� ����������[[�]]]� {�� �� ������}]�
������������������� = ������������������������������������������������������[��������������]�
������������������� = ������[�������������������� (������[������������������������[#]] ⩵ �) �]�(* ��� ��� ������ ����� *)





���[� = �� � ≤ ������[�������������������]� �++�
����������������������� = ������[����������������������������[[�]]]�
���[� = �� � ≤ ������������������������ �++�
��[! �����[�������������������[[�� �� �]] ⩵ ����������������������������[[�� �� �� �]]]�
��������[]�
�(* �� ��� ���� ��� ������������ ����� �� ��� ��������
���� �� ��� ��� �������� ��������� �������� *)
��������������������������������� = �������[����[
���[� = �� � ≤ ������[�������������������[[�� �]]]� �++�
���[� = �� � ≤ ������[����������������������������[[�� �� �]]]� �++�
��[! (�������������������[[�� �� �� �]] ⩵




�����[��[! � ⩵ ��
�������������������[[�� �� �� �]]
�
����������������������������[[�� �� �� �]]]
� {�� �� ������}]�
���[��������������]�]�]�]�][[�]]� �]�]�




� {�� �� ������}]�
������������������������ = {����������� ���������������������������������}�
���[������������������������]�]�]�][[�]]� �]�
������������������� = �������������������������������������]�]�(* ��� �� �� �� ������������ ������������� ������ *)
������������������� = ������[�������������������� ������[#[[�]]] > � �]�
�������������������������� = ��������������������
������������������������� = �������[����[
���[� = �� � ≤ ������[ ��������������������������]� �++�
��� = ��������������������������[[�� �]]�
���������������� = �������������������������[���]�
��[������[������[�������[{����������������}]� (# < �) �]] > �� ��������[]�]�
�������������������������������� = �������[����[
���[� = �� � ≤ ������[ ��������������������������[[�� �]] ]� �++�
��� = ��������������������������[[�� �� �]] �
��[������[������[�������[���]� (# < �) �]] > �� ��������[]�]�
�������������� = �����������������������������������������������[���� ���]�






��������������������� = �������������������������(* ������� �� �� ������� ����� �� ��� ���������� *) �
�������� = ������[���������������������]�
�������������������� = �������[����[
���[� = �� � ≤ ��������� �++�
��� = ���������������������[[�� �]]�
��������������������������� = �������[����[
���[� = �� � ≤ ������[ ���������������������[[�� �]] ]� �++�
��� = ���������������������[[�� �� �]] �
����� = �����
���[� = �� � ≤ (������ - �)� �++�
��[���������������[[�]] ⩵ ��
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[� - �]]}� {���[[�� �]]}� {���[[� + �]]}�
���[[�� �]]� ���[[� - �]]� ���[[�� �]]� ���[[� + �]] ]�
����� = ������
�����[]�](* ����� ���� ���� ���� �� ��� ����� ���� ��� ��������� ������ ������ �� ���
�������� �������� ���������� �����
���� �� � ���� �� �� ����!*) �
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[� - �]]}� {���[[� + �]]}� {���[[�� �]]}�
���[[�� �]]� ���[[� - �]]� ���[[� + �]]� ���[[�� �]] ]�
����� = ������
�����[]�]�
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[�� �]]}� {���[[� - �]]}� {���[[� + �]]}�
���[[�� �]]� ���[[�� �]]� ���[[� - �]]� ���[[� + �]] ]�
����� = ������
�����[]�]�
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[� + �]]}� {���[[� - �]]}� {���[[�� �]]}�
���[[�� �]]� ���[[� + �]]� ���[[� - �]]� ���[[�� �]] ]�
����� = ������
�����[]�]�
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[�� �]]}� {���[[� + �]]}� {���[[� - �]]}�
���[[�� �]]� ���[[�� �]]� ���[[� + �]] � ���[[� - �]] ]�
����� = ������
�����[]�]�
��[! ����������������������������������������������������[{���[[�� �]]}� {���[[� + �]]}� {���[[�� �]]}� {���[[� - �]]}�
���[[�� �]]� ���[[� + �]] � ���[[�� �]]� ���[[� - �]] ]�
����� = ������
�����[]�](* ���� ��������� ��� ��� ������������ �� ��� ����� ����������
������ �� ��� �������� ������ *)�
��[! �����������������������������������[{���[[� - �]]� ���[[�� �]]� ���[[�� �]]}�{���[[� - �]]� ���[[�� �]]� ���[[�� �]]}� ����]�
����� = ������
�����[]�]�
��[! �����������������������������������[{���[[�� �]]� ���[[�� �]]� ���[[� - �]]}�{���[[�� �]]� ���[[�� �]]� ���[[� - �]]}� ����]�
����� = ������
�����[]�]�
��[! �����������������������������������[{���[[�� �]]� ���[[�� �]]� ���[[� + �]]}�{���[[�� �]]� ���[[�� �]]� ���[[� + �]]}� ����]�
����� = ������
�����[]�]�
��[! �����������������������������������[{���[[� + �]]� ���[[�� �]]� ���[[�� �]]}�{���[[� + �]]� ���[[�� �]]� ���[[�� �]]}� ����]�
����� = ������







�������������������������[����������� ��������������������� ����](* ���� ����� ��� ����� �� �� � ������ *)�
������[��������������������]�]�
(* �������������������������������������������������
� ������� ������ ���� �������� ��� ������ ��� �-���� �������� *)
������������������������������������������������[������_] �= ������[{}�
��[�����[������] ≤ �� ������[������������������������������������������������������[������]]�]�
������[�����������������������������������������������������[������]]�]�
(* ��������������������������������� ���� �� ��� ���� ���� ��� ���
����� ������� ����������� ���� ��� ������� ������� �� ����� ������ ���������
���� ���� ���� ������ ����� ��� �-����� ����� *)
(* ���� �� � ��������� ���� ��������� ������� ����� ���� ������ ������
�� ���� ����������� ���� ���������� �� ������� ���������� ���� ����� ���� ��
������� ����������� ��� ��������� ������� ������ ���� ��������� ����� �� ������ *)
��������������������������������[������_] �=
������[{�� �� ������������������������� ����������������������������������������
���������������}�
������������������������ = ������������������������������������������������[������]�
��[������[������������������������] ⩵ �� �����[������� � ��� �� �������� ������ �]� ������[{}]�]�
������������������������ = ������[������������������������� (! �����[�������[{#[[�]]}] ⩵ {-�} ]) �]�
������������������������ = ������[�������������������������(! �����[������[�������[{#[[�]]}]] ⩵ � ]) �](* ��� ������ ������*)�
��������������������������������������� =
�������[ �����[{
���������������������������������������������������[ ������������������������[[�� �]] ] �
������������������������[[�� �� �]]}� {�� �� ������[������������������������]} �{�� �� ������[������������������������[[�� �]] ]}]� �]�
��������������������������������������� = ������[����������������������������������������(! (������[������������������������[#]] > �)) � ](* ���� ������� ���� �� ����� ���������� ����������� *) �
��������������� = ���[�����[������������������������������������������������� #] ��
���������������������������������������� {�}]�
��������������� = ������[���������������� �����������������](* ���� �� ��� ������ ������ ������ �� ���������
��� �������� ����� �� ��� ��� �� ��� �������
������������ ���� ������ �� ��� ������ ���
���� � ��������� *)�
��������������� = ��������������������������[������� ���������������]�
��������������� = ������[���������������� ������[#] > � �]�
���������������++�(* �����[{������� �#�������������[���������������]�
������������������������[]� ���������
���������� ������ ��������������������[]��������� ���������� ���������������}]





������[{�� �� ���������������� ���������������� �������������� ������� ������ ���������}�
������ = ������[������������]�
��������������� = �����[��[�����[������������[[�]]] > �� �� �]� {�� �� ������[������������]}]�
















������������������������������������[������_� �������_� �����] �= ������[{�����������������}�
��[��������
��[�����[������] ≤ ��
����������������� = ����������������������������� /@ ��������������������������������[������]�
�����[{������� �����������������}]�
������[�����������������]�]�







������[{�� �� ���������������� ���������������� ������������� ������� �����}�
������ = ������[������]�
��������������� = �����[��[�����[������[[�]]] > �� �� �]� {�� �� ������[������]}]�













������������������������������������[����������_� ���������������_� �����] �=
������[{�� ������� ��������������� �����������������}�
����������������� = �������[����[
���[� = �� � ≤ ������[����������]� �++�
������ = ����������[[�]]�
�������������� = ������������������������������������[������]�






������[{�� �� ������� ���������������� ���������������������}�
������ = ������[������]�
��������������� = �����[��[�����[������[[�]]] > �� �� �]� {�� �� ������[������]}]�
��������������������� = �����[��[���������������[[�]] ⩵ ��
������[[�]]
� {������[[�� �]]�




� {�� �� ������}]�
������[���������������������]�]�
������������������������������[������������_] �= ������[{�� ������� ���������������� �������������}�
������ = ������[������������]�
��������������� = �����[��[�����[������������[[�]]] > �� �� �]� {�� �� ������[������������]}]�




� {�� �� ������}]�
������[�������������]�]�
������������������������[�������_] �= ������[{����������}�
���������� = ��[��������[�������] ⩵ ��������[��[�]]� ��[�]� �������]�
������[����������]�]�
�����������������������������[������������_] �= ������[{�}�
��[������[������������] ⩵ �� ������[������������]�]�
������[ ������������������������ /@ ������������]�]�
���������������[�������_] �= ������[{�� ���������������� �����}�
��[�����[�������] < �� ������[�����������������������������[�������]]� ]�
��������������� = �����[��[�����[�������[[�]]] > �� �� �]� {�� �� ������[�������]}]�
����� = �����[ ��[���������������[[�]] ⩵ ��




����������_� ���������������_� �����] �= ������[{�� ������� ���������������������������
��������������� ������������������������ ������������������ �������������������������}�
����������������� = �������[����[







������������������������� = ������������������������������ /@ ���������������������������
��[! ����������������������
������������������������� = ��������������� /@ ��������������������������]�
������������������������� = ����[����������������@�������������������������]�
�������������� = ������������������������� /@ ��������������������������





������[������������������������� /@ (������������������������������ /@ �����������)]�]�
(* ������������������������������������������[������_] *)
������������������������������������������[������_] �= ������[{�� ������� �����������������






������������������������ = ������[������������������������� (! �����[�������[{#[[�]]}] ⩵ {-�} ]) �]�
������������������������ = ������[�������������������������(! �����[������[�������[{#[[�]]}]] ⩵ � ]) �](* ��� ������ ������*)�
��������������������������������������� =
�������[ �����[{
���������������������������������������������������[ ������������������������[[�� �]] ] �
������������������������[[�� �� �]]}� {�� �� ������[������������������������]} �{�� �� ������[������������������������[[�� �]] ]}]� �]�
��������������������������������������� = ������[����������������������������������������(��������[#[[�]]] ≠ ��������[{-�}]) � ](* ��� ������ ������ *) �
����������������������� =
���[{#[[�]]� �����[������������������������������������������������� #]} ��
��������������������������������������� ]�
���������������������������������������� = �������[����[
���[� = �� � ≤ ������� �++�
��������������������������� =
������[������������������������ ( �����[ #[[�]] ⩵ ����������������[[�]]]) �]�
���[{����������������[[�]]� ����[���������������������������� ���� �]}]�]�][[�]]� �]�
������[����������������������������������������]�]�
(* ������������������������������
����� �������� ��� ����� �� ��������� ����� ���� ����� ��� ������� ��� ��� ����� ������� *)
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�����������������������������[������_] �=
������[{���������� ���������������� ������������������������� ����������












���[� = �� � ≤ ������[�������������]� �++�
��������� = �������������[[�]]�
�������������� = ������������������������������������������������[ ���������� ��������� ]�
��[! (��������[��������������[[�]]] ⩵ ��������[-�])�
��������[�������������������������� {��������������� ���������} ]�]�]�]�
������[����[����������������[�������������������������]]]�]�
(********************************************************
���������� ������� ��� �������*****************************************************)
(* ���������������� ������ �� ������� ������� ����� *)
���������������[������_� ���������_� ����������_] �= ������[{�� ����� �������������������������}�
���� = {}�
������������������������� = {}�
��[�����[���������] ⩵ �� ������[{}]�]�
��[�����[����������] ⩵ �� ������[���������]�]�
��[������ ⩵ �������[������]�
���� = ����������[���������� ����������� �������� → ((#� ⩵ #� || #� ⩵ �������[#�]) �)]�
������[����]�]�
���� = ����������[���������� ����������]�
������[����]�]�
(* ����������������������������������������
������� ������� � ���� �� ������� ��� ������ ��� �������� ����� ������������ *)
���������������������������������������[����������_] �= ������[{�� �������
���������������� �������������������������� ��������������������������������������������}�
�������������������������������������������� = {}�
���[� = �� � ≤ ������[����������]� �++�
������ = ����������[[�]]�
��������������� = ���������������������[������]�





(* ������������������������������ ������ ���� ������������ ���������� ������ *)
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���[� = �� � ≤ ������[����������]� �++�
������ = ����������[[�]]�
��[(��������[ ���������������������������������������[[�� �]]] ≠ ��������[������] ) ||(��������[������������������������������������������[[�� �]]] ≠ ��������[������])�
�����[���� � ����� ����������� ��� ��������� ������������ �� ��� ���� ������ ����!��
������ ]�
��������[]�]�
������������������� = ���������������[������� ���������������������������������������[[�� �]]�
������������������������������������������[[�� �]] ]�
������������������� = ���������������[������� ������������������������������������������[[�� �]]�
���������������������������������������[[�� �]] ]�
������������������� = {������� ������������������� � ������������������� }�
��������[��������������������� �������������������]�]�
������[��������������������]�]�
(* ����������� ��� ������� �������� ����
������� ��� ��������� ������ ����������� ������� �� ������ *)
��������������������������������[��������������_] �= ������[{�� ������������������������}�
������������������������ = {}�
���[� = �� � ≤ ������[��������������]� �++�
��[������[��������������[[�� �]]] ⩵ � �� ������[��������������[[�� �]]] > � �
��������[������������������������� ��������������[[�]]]�]�]�
������[������������������������]�]�
�����������������������������������[��������������_] �= ������[{�� ������������������������}�
������������������������ = {}�
���[� = �� � ≤ ������[��������������]� �++�
��[������[��������������[[�� �]]] > � �� ������[��������������[[�� �]]] ⩵ � �
��������[������������������������� ��������������[[�]]]�]�]�
������[������������������������]�]�
����������������������������������������[��������������_] �= ������[{�� ������������������������}�
������������������������ = {}�
���[� = �� � ≤ ������[��������������]� �++�






���[� = �� � ≤ ������[��������������]� �++�





�������������������������������������������_ ] �= ������[{�� �����������������������������������}�
����������������������������������� = {}�
���[� = �� � ≤ ������[������������������������������]� �++�
��[������[������������������������������[[�� �]]] ⩵ � ��




(* ������������������ ����� ��� ��������� �� ��[�]� ��������� � �� ���� �������� *)
(* ��� ��������� ������ ������ �� ����� ���� �� ���[�]� ��� ������� ��� ������� ������ �� ��
���� ��� �� ��� �� �������� ������� �� ������ ���� ������ ��
������[�������� ���[�����������������[#[[���]]]-�����������������[#[[���]]]�
�����������������[#[[���]]]-�����������������[#[[���]]]]� ]*)
�����������������[�������_] �= ������[{���������� �������������}�
������������� = ��������[�������]�
��[(����������[�������������� �] ⩵ ����) || (����������[�������������� �] ⩵ ����)|| (����������[�������������� �] ⩵ ����)�
��������� = ������������[����������[�������������� {�� -�}]]�]�
��[(����������[�������������� �] ⩵ ���) || (����������[�������������� �] ⩵ ���)|| (����������[�������������� �] ⩵ ���) || (����������[�������������� �] ⩵ ���)�
��������� = ������������[����������[�������������� {�� -�}]]�]�
������[���������]�]�
(********************************************************





����������������[���_] �= ������[{�� �������� ������������ ���������}�
��������� = ��
���[� = �� � ≤ ������[���]� �++�
������� = ���[[�]]�
����������� = ����������������[�������]�









���[� = �� � ≤ ������[�������������]� �++�





��[�����[��������� ⩵ {�� �}]� ��������[]�]�
��������������� = ��
���[� = �� � ≤ ������[�������������]� �++�
��[�����[�������������[[�� �]] ⩵ ���������]�
��������������� = ��������������� + �������������[[�� �]]�]�]�
��[�����[��������� ⩵ {�� �}]|| �����[��������� ⩵ {�� �}]|| �����[��������� ⩵ {�� �}]�
��������� = {�� �}�]�
��[�����[��������� ⩵ {�� �}]�
��������� = {�� �}�]�
��[�����[��������� ⩵ {�� �}]�
��������� = {�� �}�]�
��[�����[��������� ⩵ {�� �}]�





������������� = �����������(* ��� ���� ����� ������� ����� ��� ����������� �������������
������� ����� ��� ���� ���� *)
����������� = {}�
���������� = �������[����[
���[� = �� � ≤ ������[�������������]� �++�





��[�����[��������� ⩵ {�� �}]� ��������[]]�
��������������� = ��
���[� = �� � ≤ ������[�������������]� �++�
��[�����[�������������[[�� �]] ⩵ ���������]�
��������������� = ��������������� + �������������[[�� �]]�]�]�
���[{���������� ���������������}]�]�][[�]]� �]�
������[������[����������� {#[[�� �]] �� #[[�� �]] �} ]]�]�
���������������[�������_] �= ������[{�� ����������}�
���������� = ����������������[�������]�
���������� =
����������������[�����[���������������[����������[[�]]]� {�� �� ������[����������]}]]�
������[������[����������� -����������������[#] �]]�]�
����������[����_� ����_] �= ������[{������� �������������}�




��������������������������������������[��������_� ��������_] �= ������[{}�
������[���������������[�������[�����[����������� ��������� ��������� �]� �]]]�]�
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�������� = �����������������������������������������[����������������������]�
�������� = �����������������[��������� ���]�
��[���� ≤ �������������������������������� �� �����[�������� ⩵ �����]�
��������������������������������[���� ��������]�]�
������[��������]�]�
(* � ��� ������ ���������� ������� ������� *)
�������������[�������_] �= ������[{���� ������� ��������}�
��[�����[������� ⩵ {}] || �����[������� ⩵ {{�� �}� �}]� ������[�]�]�
��� = �������[[�� �]]�
��[�������[{�� �� �� �}� ���]� ��� = ����������[��������[���]]�� ��� = ��������[���]�]�
��[�������[[�]] ⩵ ��
�������� = ���������[���� �������[[�� �]]]�
�
�������� = �����������[���������[���� �������[[�� �]]]� �������[[�]]]�]�
������[��������]�]�
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��[�������[{�� �� �� �}� ���]� ��� = ����������[��������[���]]�� ��� = ��������[���]�]�
��[�������[[�]] ⩵ ��
�������� = ����������[{���� �_{�� ��������[�������[[�� �]] ]� �}�}]�
�
�������� = ����������[{���� �_{�� ��������[�������[[�� �]] ]� �}��� ��������[�������[[�]] ] }]�]�
������[��������]�]�
����������������������������[�������_] �= ������[{���� ������� ���}�
��[�����[������� ⩵ {}] || �����[������� ⩵ {{�� �}� �}]� ������[��������{}�]�]�
��� = �������[[�� �]]�
��� = �������[[�� �]]�
��[�������[{�� �� �� �}� ���]�
��[�����[��� ⩵ �]� ������[���������<� <> ��������[��� + �] <> �>{}� ]� ]�
��[�����[��� ⩵ �]� ������[���������<� <> ��������[�*��� + �] <> �>{}� ]�]�
��[�����[��� ⩵ �]� ������[���������<� <> ��������[���] <> �>{}� ]� ]�
��[�����[��� ⩵ �]� ������[���������<� <> ��������[�*���] <> �>{}� ]� ]�]�
��[�����[��� ⩵ �]� ������[��������<� <> ��������[���] <> �>{}� ]� ]�
��[�����[��� ⩵ �]� ������[��������{}�]�]�
��[�����[��� ⩵ �]� ������[��������{}�]�]�
�����[������ �� ����� ��� �����������������������������]�
������[-�]�]�
����������������[���_] �= ������[{}�
������[( ��[������[#] > ��
���������� @@ ���[�������������� #]
�
�������������[�������[#� �]]]) �[ ���]]�]�
����������������[��������_] �= ������[{�� ����������}�
���������� = �������[�����[{��������[[�]]� � ������� �}� {�� �� ������[��������]}]]�
���������� = ����[����������� -�]�
������[����������[����������]]�]�
����������������������[���_] �= ������[{}�
������[( ��[������[#] > ��
����������������@���[�������������������� #]
�
�������������������[�������[#� �]]]) �[ ���]]�]�
����������������������[���_] �= ������[{}�
������[���������[ ���������������� /@ ���]]�]�
������������������������������������[���_] �= ������[{}�
������[���������������� /@ ���]�]�
������������������������������[���_] �= ������[{�� �������� ��������}�
��[�����[���] > �� ������� = ����� � ������� = ������]�
��[! �������� ������[������������������������������������@ ���]�]�
�������� = �����[������������������������������������@(���[[�]])� {�� �� ������[���]}]�
������[��������]�]�
������������������������������������������[���_] �= ������[{}�
������[ ���������������������� /@ ���]�]�
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������������ = �����������������[[�]]�
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������[{�� �� ����������� �������������������� ������������ ������������ �������������
���������������������� �������������� ����������������� �����������������
������������������������ ����������������������� ������������������������������
������������������ ��������������� ���������������������� ����������������������������}�
���������� = ����������[���]�
������������������� = �����������
���[� = �� � ≤ ������[������]� �++ �
����������� = ������[[�]]�
������������������� = ������[�������������������� �������������[#� �����������] �]�](* ����� ���� ������ ������� ��� ���������������� ����������� ��� �� �������� ���
����������� ������ ���� ���� ������������� ���������� ������� ���� �� ���� �� ����� *)�
��[������[�������������������] ⩵ � � ������[�����]� ]�
����������������������� = �����[������[[�� �]]� {�� �� ������[������]}]�
��������������������� = �������[����[
���[� = �� � ≤ ������[�������������������]� �++�
������������� = �������������������[[�]]�
���������������� = ������[�������������� ! �������[������������������������ #[[�]]] �]�
���������������������� = ������[�������������� �������[������������������������ #[[�]]] �]�
���������������������������� = �������[����[
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����������������� = �����������������������������[[�]]�
�������������� = ����������������� - �������������
��[�������������� > ��
���[{������������ ��������������}]�]�]�][[�]]� �]�
���������������� = ����[ ���������������������������� � ����������������]�







(* ���� �� ������� ��� ������ �� ��������� ��������� ��� ������� �� �����
������� ������ �� ���� ������ ���� �� ����� ������� ��� �� ��� ������� � �� �� *)
������������������������� = {{{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� �-�� ������� *){{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� �-�� ������� *){{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}}�(* ��� �-�� ������ *){{�� �� �}� {�� �� �}� {�� �� �}}�(* ��� �-�� ������ *){{�� �� �}� {�� �� �}}�(* ��� �-�� ������ *){{�� �� �}� {�� �� �}}�(* ��� �-�� ������ *){{�� �� �}} �(* ��� �-�� ������ *){{�� �� �}}�(* ��� �-�� *){{�� �� ��}}(* ����� ������ ��� �� ����!!!� ��� *) �(* ��� �-��� *){{�� �� ��}}�(* ��� �-��� *){{�� �� ��}}�(* ��� �-��� *){{�� �� ��}}}�
���������������������� = ����������������[�������[�������������������������� �]]
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{{�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� �}� {�� �� ��}}
����������������������������������������[�����������������_�
���������_� �������������_� ����������������_� ����������������_] �=
������[ {�� ��������������� �����������������������������������������
����������������������� ����������������������� ���������
����������� ��������������� ���������������� ������������������}�
(* ������ ��� ������ *)
�������������� = �����[{�� �� �}� {�� �� ���������}]�
���������������������������������������� = �����[{�� �� � + �}� {�� �� �������������}]�
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��������������� = �����[{�� � + �� �}� {�� �� ������������}]�
�������������� = �����[{� + �� �� �}� {�� �� �����������}]�
������������������ = �����[{� + �� �� �}� {�� �� ���������������}]�
���������� = ����[ ������������������ ���������������
����������������������������������������� �����������������������
����������������������� ���������������� ��������������� ������������������]�(* ����� ������� ���-��� ���� �� �� ��� -�� ����� ��� ������ ���� ��� -
�������� ��� ������ ���� �� -��
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������[����������]�]�
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���������������������������������������[��_� ��_� ��_] �= ������[{}�
������[������[��������������������� ((#[[�]] ≤ ��) �� (#[[�]] ≤ ��) �� (#[[�]] ≤ ��)) �]]�]�
������������������������[�����������������_] �=
������[{�� �� �������������������� ������������ ������������ ������� ������}�
������ = ������[�����������������]�
������������������� = �������[����[
���[� = �� � ≤ ������ - �� �++�
������ = ������
����������� = �����������������[[�]]�
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������ = ���� (* ���� �� �� ������� ����� �� ��� ���� *)�]�]�
��[������ ⩵ ������
���[�����������]�]�]�
���[�����������������[[������]]](* ���� ��� ���� ���������� �� ��� �����*)�][[�]]� �]�
������[�������������������]�]�
�����������������������������[���������������_] �= ������[{}�
������[���[���������������[[�]]� {�� �� ������[���������������]}]]�]�
(* ���������� ��� ������� ��������� ������ �� � ������ � ��� ���
� ��� �� ������ ���������� � �� ��� � �� ��� � �� � *)(* ���� ������ ����� -� ��������� �� ����� �� ���� ���������� ������������ ���� ��� ��� ������� *)
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��[� ≥ � �� � ⩵ �� ������[{�}]�]�
��[� ⩵ � �� � ≥ �� ������[{�}]�]�
��[� ≥ � �� � ⩵ �� ������[{�� �}]�]�
��[� ⩵ � �� � ⩵ � �� � ≥ �� ������[{�� �}]�]�
��[((� ⩵ � �� � ≥ �) || (� ≥ � �� � ⩵ �)) �� � ⩵ � �
������[ {�� �� �}] �]�
��[� ⩵ � �� � ≥ � �� � ⩵ ��
������[{�� �}]�]�
��[� ⩵ � �� � ≥ � �� � ⩵ �� ������[{�}]� ]�
��[� ⩵ � �� � ⩵ � �� � ≤ �� ������[{�}]�]�
��[� ⩵ � �� � ⩵ � �� � ≥ �� ������[{�� �}]�]�
�����[���� ���������������� ��������������




������[�������[�����[���� @@@ ���������[����[##]� �] �� ##� �]� �] � @@
���������������������������������]�]�
��������������������������������������������[����������������������������_] �=
������[{�� �� ������� ����������������� �������� ������������ ������������������









���[� = �� � ≤ ��������������� �++�
����� = ��������������[[�]]�
��������������������� = ������������������������[�����]�








�����[ �������[ ������������[[�]]� ���[�� �����[������������[[�]]] - �]]� {�� �� ���������������}]�
��������������� = ������[������������]�
�������������������������� = �������[����[
���[� = �� � ≤ ���������������� �++�
���[� = �� � ≤ ������[������������[[�]]]� �++�







����������������������������_� �������������������������_� ����� ������������������_� ����] �=
������[{�� �� ������� ����������������� �������� ������������ ������������������ ������������� �������










���[� = �� � ≤ ��������������� �++�
����� = ��������������[[�]]�
��������������������� = ������������������������[�����]�




����[�������������������������� {{{����}� ������ {����}}}]�{������������������� #}�
�����]] �](* ������ ���� ����� ��������� ������ ���� ��������� ���� ���������
������� ���� ��������� ���� �� �
���������� ���������� ������ *)�
��[������[���������������������] ⩵ �� ������������������ = ����� �����[]� ]�
]�
��������������������������������������� = �������[�����[������� {{�����}}�
���������������������� �]� �]�
���[���������������������������������������]�]�][[�]]� �]�
��[������������������ ⩵ ����� ��������[]�](* �� ���� ������ ���� ���������� ���� ��� �� ��� ������







�����[ �������[ ������������[[�]]� ���[�� �����[������������[[�]]] - �]]� {�� �� ���������������}]�
��������������� = ������[������������]�
�������������������������� = �������[����[
���[� = �� � ≤ ���������������� �++�
���[� = �� � ≤ ������[������������[[�]]]� �++�







������[{����� ����� ��������� ���������������� ����� ���������}�
��������������� = -�� (* ���� ������� ��� ������ �� ���
������ ����� ������ ����� ������ ���� �� �������� *)
���� = �����������[[�]]�
��������� = �����������[[�]]�




��[���� ⩵ � �� ���� ⩵ � �� �������� ⩵ �� ������[{{�� �}� �}]�]�
��[���� ⩵ � �� �������� ⩵ �� ������[{{�� �}� �}]� ]�
��[���� ⩵ � �� ���� ⩵ � �� �������� ≥ ��
��[(��������� ⩵ � �� �������� ⩵ �) || (��������� ⩵ � �� �������� ≠ �)�
������[ {{�� �������� - �}� �} ]� ]�
��[��������� ⩵ � � ������[ {{�� �����[��������/�] }� �} ]� ]�]�
��[���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��
��[ ��������� ⩵ �� ������[{{�� �}� �}]�� ������[{{�� �}� �}]�]�]�
��[ �������� ⩵ � �� ((���� ⩵ � �� ���� ≥ � ) || (���� ≥ � �� ���� ⩵ �)) �
��[��������� ⩵ �� ������[{{�� �}� �}]�]�
��[��������� ⩵ �� ������[ {{�� �}� �}]�]�
��[��������� ⩵ �� ������[ {{�� �}� �}]� ]�]�
��[ ���� ⩵ � �� ���� ⩵ � �� �������� ≥ ��
��[��������� ⩵ �� ������[ {{�� �������� - �}� �}]�]�
��[��������� ⩵ �� ������[{{�� �������� - �}� �}]�]�]�
��[ ���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��
��[��������� ⩵ �� ������[ {{�� �}� �}]�� ������[{{�� �}� �}]� ]�]�
��[ ���� ⩵ � �� ���� ≥ � �� �������� ⩵ �� ������[{{�� �}� �}]�]�
��[ ���� ≥ � �� ���� ⩵ � �� �������� ⩵ ��� ������[{{�� �}� �}]�]�





������������������������� = �������[���������������������� �]�
�
������������������������� = ����������������������] �
������[���������������[���[�������������������������������������� �������������������������]]]�]�











{�� �� ������[���������������������]}� {�� �� ������[���������������������[[�]]]}]�
������������������ = �����[ ��[������[���������������������������� [[�]]] ⩵ ��
�������[ ���������������������������� [[�]]� �]
�




(* ���� ���� ��� �������� ��� �-���� ���
�� ����� �������� �� ��������� ��� ��������� ������ �� ������� � ���������� ������� �����
����� (���� �� ��� ���� ���� ������ �������� ��� ���� ������)� �� ����� ���� ����� ������ �
����� ��� ��� ������� ������ ������ ��� ���� ���� ��� ������� ��������� ���-������� �������
�� ��� �������� �������������������� ��� ������ �� �� ���� �� ��� �����������*)
��������������������������������������������������������������������������[
�����������������������������_] �=
������[{�� �� ������������������������������� ������������������������������������
�������������������������������� ���������������������������������������������������������
���������������� �������������������������������� ����������������������
������������������� ������������������������ ������������������� ��������������������������
���������������������� ������������������� �������� ���������}�
������� = �����������������������������[[�� �]](* ����� �� ���� ��� ������ ��� ������ ���� �� ��� ������� ����� *)�
��������� = �����������������������������[[�� �]](* ��� ����� �������� �� ��� ���������� *)�
��������������������� = ����������
������������������������������ = �����




���[� = �� � ≤ ������[�����������������������������������]� �++�
��������������� = �����������������������������������[[�]]�
��������������������� = �����������������������������[���������������]�
������������������ = ��������������������� - ����������������������
����������������������� =
��������������������������������������� @@ �������������������
����������������������� = ������[������������������������! ��������������������[�������� #] �]�
������������������ = ������[�����������������������]�
��[������������������ ⩵ �� ��������[]�]�





�����[������[������������������� �����������������������[[�]]]�{�� �� ������������������}]�
���[�������������������������]�]�][[�]]� �]�





������������������������������ = ������]�]�][[�]]� �](* �� ����� ���� ������� �� � ���� �� ������� ����� �� �� ����� ��� ��� ��
�-����� ������������ �� ����� ��� ��� �� ��� �+� ����� ������������*)�
������[��������������������������������������������������������]�]�
��������������������������[����������������������������_] �=
������[{�� ����������� ����������� ������� ���������� ���������������������������}�
������ = ������[����������������������������]�
��[������ ⩵ �� ������[�]�]�
���������� = �����[��[����������������������������[[�� �� �]] > �� �� �]� {�� �� ������}]�
���������� = �����[��[����������������������������[[�� �� �]] > �� �� �]� {�� �� ������}]�
��������� = ���������� + �����������
��������������������������� = �����[��[���������[[�]] > �� �� �]� {�� �� ������}]�
������[�����[���������������������������]]�]�
�����������������������������������������������������������[��������������������������_�
����������������������������_� ����������������_� ������������������������_� �����������������_�
������������������������������������_� ����� �������������������������_� ����] �=
������[{�� �� ������������� ������������������������ ����������������� ������ ������������������
������������� ��������������� ������ ����������������� ����������������� ������������� ��������������
������������������������������ ������������������������������� ����������������� �����������������}�
��[�����[���������������������������� ⩵ {}] ||
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����������������������� = ��������������������������[[�� �]]�
����������������� = {�� �� �}�
������������ = ��[���������������� ⩵ �� {}� {{������������������������[[���������������� - �� �]]�
�����������������[[���������������� - �]]}}]�
������������� = ��[���������������� ⩵ �������������{}�{{������������������������[[���������������� + �� �]]� �����������������[[���������������� + �]]}}]�
�������������� = ������[����������������������������]�
���[� = �� � ≤ ��������������� �++�
���������������� = ����[������������� �������������� ����[����������������������������� {�}]]�
����������������������������� = ��������������������������[����������������]�
����� = ����������������������������[[�]]�
��[ �����[������������������������������������ ⩵ ����] ||
�����[������������������������� ⩵ ����]�
������������ = ������������������������������������[
����������������� {{����}� �����[[�]]� {����}}�
����������������� �����[[�]]� ������������������������ �
����������������� -�� �����������������������������] �
�
������������������������������ =




� {�� �� ������������}]�
������������ = ������������������������������������[
����������������� {{����}� �����[[�]]� {����} }�
����������������� �����[[�]]� ������������������������ �
����������������� -�� ������������������������������
������������������������������������� ������������������������������] �]�
��[(������[������[������������� ( # < �) �]] > �)�
������[{-�� -�� -�}]�]�
������������ = �����[���[�����[[�� �]]� ������������[[�]]]� {�� �� �}](* ������ �� ���� ������������������������
������ ������� ���� ���� ��� �����
������������ ������ ��� �� ��������� ����� ����� *)�
����������������� = ����������������� + �������������
��[������[������[�������[����������������������� - �����������������]� (# < �) �]] > ��
������[{-�� -�� -�}]�]�]�(* ��� �� ��� ��� ������������� ���� ��� ���� ��� ����� ��������� �� ��� ���� ����� �� ��� �����
��� ����� ����� ���� ����� �� ������ ��� �������� �� ��� ������ ������� �� ����� ������
�� ��� ��������� ��� ����� ������������ ������������� �� ��� ����� *)
��[! �����[������������������������� ⩵ ����]�
��[�����[������������ ⩵ {}]�
���������������� = {�� �� �}�
�
���������������� = ����[�������������� ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =




� {�� �� ������������}]�
���������������� = ������������������������������������[
����������������� {{����}� �������[������������� �][[�]]� {����} }�
����������������� �������[������������� �][[�]]� ������������������������ �
����������������� ���������������� - �� ������������������������������
������������������������������������� ������������������������������� ����]�]�
��[�����[������������� ⩵ {}]�
����������������� = {�� �� �}�
�
���������������� = ����[������������� ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =





� {�� �� ������������}]�
����������������� = ������������������������������������[
����������������� {{����}� �������[�������������� �][[�]]� {����} }�
����������������� �������[�������������� �][[�]]� ������������������������ �
����������������� ���������������� + �� ������������������������������
������������������������������������� ������������������������������� ����]�]�
����������������� = ����������������� + ���������������� + ������������������




����������������������������_� ����������������_� ���_� �����������������_�
������������������������������������_� ����� �������������������������_� ����] �=
������[{�� �� �� ������������� ������������������������ ����������������� ������
������������������ ������������� ��������������� ������ ����������������� �����������������
������������� �������������� ������������������������������ �������������������������������
����������������� ������������������ ���������������� ������������������� ����������������
���������������������� ����������������������� ����� ����� ��������������� ������������
������������������ ������������������������������� ������������������������ }�
������������ = {�� �� �}�
����������������� = {�� �� �}�
��[(��� @@ ����� /@ ����������������� ≤ �)�
������������������������ = ��������������������[�����������������]�
�
������������������������ = �����������������(* ��������� ���� ������� ������� �� ��� ������ ������� ���� ������� *)�]�
������������ = ������[���]�
����������������� = ��������������������[���]�
��������������� = �����[��[������[�����������������[[�]]] > �� �� �]� {�� �� ������������}]�
��[�����[������������������������� ⩵ ����]�
��[�����[���������������������������� ⩵ {}] ||
�����[���������������������������� ⩵ {{{�� �� �}� �}}] � ������[{�� �� �}]�]�]�
���� = ����������������[[�]]�
���� = ����������������[[�]]�
���������������� = ������������������������[[����� ����]]�
���������������� = �����������������[[����� ����]]�
��������������������� = ����������������������������������������������[���]�
���������������������� = �������������������������������������[���������������������]�
��[! �����[������������������������� ⩵ ����]�
������������������������������ = �������������������������������������[�������������������������]�]�




�������������� ={{�����������������[[����� ���� - �� �]]� ������������������������[[����� ���� - �]]}}�
��[���� < ������[������������������������[[����]]]�








����������� = {{�����������������[[����� ���� + �� �]]� ������������������������[[����� ���� + �]]}}�]�
��[���� ⩵ �������������
������������� = {}�
������������ = {{�����������������[[���� - �� ����� �]]� ������������������������[[���� - �� ����]]}}�]�
��[���� ⩵ ��
������������ = {}�
������������� ={{�����������������[[���� + �� ����� �]]� ������������������������[[���� + �� ����]]}}�
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]�
��[� < ���� < �������������
������������ ={{�����������������[[���� - �� ����� �]]� ������������������������[[���� - �� ����]]}}�
������������� = {{�����������������[[���� + �� ����� �]]�
������������������������[[���� + �� ����]]}}�]�]�
�������������� = ������[����������������������������]�
���[� = �� � ≤ ��������������� �++�




��[ �����[������������������������������������ ⩵ ����] ||
�����[������������������������� ⩵ ����]�
������������ = ������������������������������������[
����������������� {{����}� �����[[�]]� {����}}�
����������������� �����[[�]]� ����������������� �
�����������������-�� ������������������������������ ����� ����������������������� �����]�
�
������������������������������ =




� {�� �� ������������}� {�� �� ������[�����������������[[�]] ]}]�
������������ = ������������������������������������[
����������������� {{����}� �����[[�]]� {����}}�
����������������� �����[[�]]� ����������������� �
����������������� -�� ������������������������������
������������������������������������� ������������������������������] �]�
��[������[������[������������� ( # < �) �]] > ��
������[{-�� -�� -�}]�]�
������������ = �����[���[�����[[�� �]]� ������������[[�]]]� {�� �� �}](* ������ �� ���� ������������������������
������ ������� ���� ���� ��� �����
������������ ������ ��� �� ��������� ����� ����� *)�
����������������� = ����������������� + �������������
��[������[������[�������[����������������������� - �����������������]� (# < �) �]] > ��
������[{-�� -�� -�}]�]�]�(* ��� �� ��� ��� ������������� ���� ��� ���� ��� ����� ��������� �� ��� ���� ����� �� ��� �����
��� ����� ����� ���� ����� �� ������ ��� �������� �� ��� ������ ������� �� ����� ������
�� ��� ��������� ��� ����� ������������ ������������� �� ��� ����� *)
��[! �����[������������������������� ⩵ ����]�
��[�����[������������ ⩵ {}]�
���������������� = {�� �� �}�
�
���������������� = ����[�������������� ������������ ��������������� ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =




� {�� �� ������������}� {�� �� ������[�����������������[[�]] ]}]�
���������������� = ������������������������������������[
����������������� {{����}� �������[������������� �][[�]]� {����} }�
����������������� �������[������������� �][[�]]� ����������������� �
����������������� {���� - �� ����}� ������������������������������
������������������������������������� ������������������������������� ����]�]�
��[�����[������������� ⩵ {}]�
����������������� = {�� �� �}�
�
���������������� = ����[������������� ������������ ��������������� ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =





� {�� �� ������������}� {�� �� ������[�����������������[[�]] ]}]�
����������������� = ������������������������������������[
����������������� {{����}� �������[�������������� �][[�]]� {����} }�
����������������� �������[�������������� �][[�]]� ����������������� �
����������������� {���� + �� ����}� ������������������������������
������������������������������������� ������������������������������� ����]�]�
��[�����[����������� ⩵ {}]�
��������������� = {�� �� �}�
�
���������������� =
����[������������� �������������� ��������������� ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =




� {�� �� ������������}� {�� �� ������[�����������������[[�]] ]}]�
��������������� = ������������������������������������[
����������������� {{����}� �������[������������ �][[�]]� {����} }�
����������������� �������[������������ �][[�]]� ����������������� �
����������������� {����� ���� + �}� ������������������������������
������������������������������������� ������������������������������� ����]�]�
��[�����[�������������� ⩵ {}]�
������������������ = {�� �� �}�
�
���������������� = ����[������������� �������������� ������������ ����������������������������]�
����������������������������� = ��������������������������[����������������]�
������������������������������ =




� {�� �� ������������}� {�� �� ������[�����������������[[�]] ]}]�
������������������ = ������������������������������������[
����������������� {{����}� �������[��������������� �][[�]]� {����} }�
����������������� �������[��������������� �][[�]]� ����������������� �
����������������� {����� ���� - �}� ������������������������������
������������������������������������� ������������������������������� ����]�]�
����������������� =
����������������� + ���������������� + ����������������� + ��������������� + �������������������
��[(������[������[�������[����[����������������� ������������������




����������������������������_� ����������������_� ���_� �����������������_�
������������������������������������_� ����� �������������������������_� ����] �= ������[{��������}�
��[�����[����������������] ⩵ ��
������[�����������������������������������������������������������[
��������������������������� ����������������������������� ����������������� ����
������������������ ������������������������������������� �������������������������]]�]�
�������� = ���������������������������������������������������[





����������������������������_� ����������������_� ������������������������_� �����������������_] �=
������[{������������������������ ������������������� ���������� �������}�
��������� = {�� �� �}�
������� = ������
��[�����[����������������] > �� ������� = �����]�
��[��������
��������� = ���������������������������������������������������[�������������������������������




����������������������������� ����������������� ������������������������� �����������������]�]�
����������������������� = ������������������������������[[�� �]]�
��[������[������[���������� (# < �) �]] > ��
������[{-�� -�� -�}]�]�
��[������[������[������������������������ (# < �) �]] > ��
������[{-�� -�� -�}]�]�
������������������ = ����������������������� - ����������






















��[������[������[�������@������������ (# < �) �]] > ��
������[�����]�
�




������������������_� ����������������_� ������������������������_� �����������������_] �=




������������������� �������������������������� ���������������������� ��������
���������� ���������������������������������������� �������������������������}�(* ����� ���� ���� ��� ���� �� ���� ������ �� ��� ���� �������� �����
� ������� ��������� ��� ��� � ������� ������� ���������� *)
������� = ����������������������������[[�� �]](* ����� �� ���� ���
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������ ��� ������ ���� �� ��� ������� ����� *)�
��������� = ����������������������������[[�� �]](* ��� ����� �������� �� ��� ���������� *)�
��������������������� = ���������(* ����� ��� ��� ����� ��������� ���� ������ ���� ��� ���� ������� *)�
������������������������������ = �����












��[������[������[���������������������� (# < �) �]] > �� ��������[]�]�
������������������ = ��������������������� - ����������������������
����������������������� =
��������������������������������������� @@ �������������������
��[������[�����������������������] ⩵ �� ��������[]�]�
����������������������� =
������[������������������������ ! ��������������������[�������� #] �]�
��[������[�����������������������] ⩵ �� ��������[]�]�
������������������ = ������[�����������������������]�
��������������������������������������� = �����[{�����������������������[[�]]�
������������������������[�����������������������[[�]]]}� {�� �� ������������������}]�
��������������������������������������� =
�����[{��������������������������������������� [[�� �]] �
��������������������������������������� [[�� �� �]]}
� {�� �� ������[��������������������������������������� ]}
� {�� �� ������[��������������������������������������� [[�� �]]]}]�
������������������������� = �������[���������������������������������������� �]�




{{{����}� #[[�]]� {����}}}]� {������������������� #[[�]]}�
����� ] �](* ������ ���� ����� ������� ��� � ��� �� ����� ����
� ����� ���� ������������
���� ��� ������� �� ��� ������� *)�
������������������������� = �����[������[�����������������������������
�������������������������[[�]]]





������[�������������������������[[�]]� (! �����[# ⩵ {{�� �� �}� �}]) � ]]�{�� �� ������[�������������������������]}]�
������������������������� = �����[������[�������������������������[[�]]�{#[[�� �]] �� #[[�� �]] ��#[[�� �]] �� #[[�]] �}]
� {�� � � ������[�������������������������]}]�
������������������������� = ����������������[�������������������������]�
������������������ = ������[�������������������������]�















������������������������� �����������������] [[�]] ≥ �) �](* ����� ���� ���� �������� ��
��� ���� ������� ����� ����� ��







������������������������������ = ������]�]�][[�]]� �](* �� ����� ������� �� � ���� �� �������� ����
�-����� ����������� ��� �� �������� �����
�+�-����� ����������� ����� � ������ ��� ����*)�
������[��������������������������������������������������������]�]�
�����������������������������������������������������[�������������������������_�
������������������_� ����] �= ������[{�� ���������� �����������������������������������
������������������������������������������������������ ���������������������������������
��������������������������������� �������������������������� ���������}�










�������������������������������� = �����[{ �����������������������������������������������������[[�]]�
�������������������������[ �����������������������������������������������������[[�]]] }�{�� �� �������������������������}]�
������[��������������������������������]�]�








����������������������������������[�������������������������_� ������������������_� ����] �=
������[{����� ����������}�
���� = ����������������������������[�������������������������� ������������������]�
���������� = �����������������[����]�




�����������������_� ����� ���������������������������_� �����] �=
������[{�� ������������������������� ������������ ����������������}�
��[���������������������������
�� �����[����������������� ⩵ ����]�
�����[����� �� ����� ��������� �� ��� � ���� ��������]�]�










� {�� �� ������[������������������������]}]�
����������� = ������������������[������������������������]�
����������� = �����������������[�����������]�




����������������������������������������������� @@ {������������������������� ���������������}�
������������������������ = ����������������������������������[{#}] � /@
������������������������������
����������� = ������������������[������������������������]�
������[�����������](* ����� ������� ���������� �� ������ �� ��� ��� ���������� �� ��� ������� *) �]�
(* ����� ���������� ������ ������� �� ���� ������������ ���
���������������� (����� ��� ����������� ����� ��������� �� ��� ������� *)
�����������������������������������������������������������������������[�������������������������_�
������������������_� ����� ������������_� ������ ����������������_� ����� ���_� �����
�����������������_� ����] �= ������[{���������� �����������������������������������
������������������������������������������������������ ���������������������������������
��������������������������������� �������������������������� ���������}�
��������� = �������������������������[[�� �]](* ���� �� ��� ��� ��
















������[������[������������������������������������������������������ {{{�� �� �}� �}}]]�]�
(* ������� *)
�����������������������������������������������������������������������[{{{�}� {�� �� �}� {�� �� �}}}� �]
{{{{�� �� �}� �}}� {{{�� �� �}� �}}� {{{�� �� �}� �}}� {{{�� �� �}� �}}�{{{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}}�{{{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}}�{{{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}}�{{{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}� {{�� �� �}� �}� {{�� �� �}� �}}� {{{�� �� �}� �}}}
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��������������������[���_] �= ������[{ ���������������� ������� ���������� }�
������ = ������[���]�
��������������� = �����[��[�����[���[[�]]] > �� �� �]� {�� �� ������}]�
���������� = �����[��[���������������[[�]] ⩵ ��{���[[�]]}
�
���[[�]]]
� {�� �� ������}](* �� ���� ��� ������ ����� ������� �� ���� ���� ��� ���� ������*)�
������[����������]�]�
��������������������[�����������������_] �= ������[{ ���������������� ������� ����������}�
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�����������������_� ����� ��������������������_� ����� �������������_� ����] �= ������[{�� �� �� ��������������������������������������� ������������������� �������� ������������������������






������� = ������ ������� = ������]�
�������������������������������������� = ������������������������������������������������[������]�
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Appendix D
Tables of 6D SCFT global
symmetries
In the following sections, we collect tables for the (relatively) maximal global sym-
metries which can be realized for each possible gauge enhancement and viable choice of
Kodaira assignment realizing that gauge enhancement on the indicated quivers. Poten-
tially realizable relatively maximal global symmetry algebra summands coming from each
curve are listed below the corresponding curve entry with the total global symmetry al-
gebra in the rightmost column. First row entries for a given enhancement give the gauge
algebra summands from each curve and the Kodaira type realizing that gauge summand.
Note that since we include notation for the Kodaira types indicating whether the fiber
has split, semi-split, or non-split monodromy cover polynomial, including the gauge alge-
bra summands is often redundant; we keep it for ease of reference and to distinguish the
gauge summary entries when there is more than one Kodaira assignment on the quiver
realizing a given gauge algebra.
In an attempt to increase readability of the tables we present here and excerpts
elsewhere in the text (and to provide ease of matching with conventions in the liter-
ature), we write global symmetry algebras (and their summands) in a notation dis-
tinct from that in which we express gauge algebra summands. For gauge algebra terms,
we use su(n), so(2n + 1), sp(n), so(2n) notations in place of the more condensed corre-
sponding notation typical in referring to the Dynkin diagrams for these algebras given
by An−1, Bn, Cn, Dn, respectively. We make no distinction in notation for the algebras
e8, e7, e6, f4, and g2.
Data presentation for global symmetries of gauge theories arising on interior and end
links can be prohibitively lengthy due to the often large number of degrees of freedom
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of the outermost −1 curves. We thus collect only a select few here1.2 We collect the
links here by q/p as in (2.2) in the following way. Consider the link given by the string
α. This determines q/p via its Hirzebruch-Jung continued fraction giving p/q. However,
since the reverse of this string, α¯, gives an isomorphic orbifold, we group by both α, α¯ as
follows. Define A(α) := q/p mod 1. We then group our data by the pair of rationals given
by (a, a¯)(α) := (min (A(α), A(α¯)) ,max (A(α), A(α¯)) . Note that in some cases, orbifold
isomorphisms occur for quivers that are not grouped together by the first of these entries,
though this often does not occur. In the cases with a base blowing down to a D-type
endpoint, there is a natural analogy since the action is similarly generated, though there
is another generator with action (z1, z2) 7→, (z2,−z1). Since the bases blowing-down to
E-type endpoints are few in number and the analogy is less direct, we omit the relation
to orbifold angles in collecting results for these bases.
The subtables are sorted by gauge algebra. In cases where more than one Kodaira
assignment is possible to realize this algebra, the resulting global symmetry maxima
across all Kodaira assignments appears below the maxima which can occur for each
separately. In a few cases, we include some length two quivers which are not links since
they contain a DE-node. (These include 61, 71 and 81.)
D.1 Linear bases including all 0-links, selected end-
links, and selected short bases
D.1.1 (a, a¯) = (19/24, 19/24)
2 2 3 1 5 1 3 2 2 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
D.1.2 (a, a¯) = (14/19, 15/19)
2 2 3 1 5 1 3 2 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
1Tables for the remaining interior links, end links, and arbitrary quivers (with the lone exception of
the handful of 4-valent bases which can be studied by inspection trivially via dropping the bottom-most
−1 curve) are readily procured via single command in the accompanying computer algebra routines (in
many cases with significant computation time requirements).
2In the case of rogue bases, a user must specify the maximum allowable gauge and global symmetry
summands permissible so that the search is finite.
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0(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
D.1.3 (a, a¯) = (11/15, 11/15)
2 3 1 5 1 3 2 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
D.1.4 (a, a¯) = (9/14, 11/14)
3 1 5 1 3 2 2 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 0 0 0 0 0 0 A1
D.1.5 (a, a¯) = (4/13, 10/13)
2 2 3 1 5 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0
D.1.6 (a, a¯) = (7/11, 8/11)
3 1 5 1 3 2 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
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A1 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (g2) (su(2))
A1 0 0 0 0 0 A1
D.1.7 (a, a¯) = (3/10, 7/10)
2 3 1 5 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0
D.1.8 (a, a¯) = (4/9, 7/9)
2 3 1 5 1 3 1 5 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 0 0 0 A1 0 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 0 0 0 A1 0 0 A1
(su(2)) (g2) (n0) (f4) (n0) (g2) (n0) (f4)
0 0 0 0 0 A1 0 0 A1
D.1.9 (a, a¯) = (8/9, 8/9)
2 2 3 1 5 1 3 1 5 1 3 2 2 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV




ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 0 0 0 0 A1 0 0 0 0 0 0 A1
D.1.10 (a, a¯) = (3/8, 3/8)
5 1 3 1 5 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
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0(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 A1 0 0 A1
D.1.11 (a, a¯) = (5/8, 5/8)
2 3 2 GS Total:
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0







(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 A1 A1
D.1.12 (a, a¯) = (1/7, 1/7)
8 1 GS Total:
(III∗,e7) (I0,n0)
0 A1 A1
D.1.13 (a, a¯) = (2/7, 4/7)








(I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A1 0 0 A1
D.1.14 (a, a¯) = (3/7, 5/7)




2 3 2 1 5 GS Total:
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
0
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
0
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
0
3 1 5 1 3 1 5 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A1 0 0 0 A1 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 0 A1 0 0 A1
D.1.15 (a, a¯) = (6/7, 6/7)
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2 2 3 1 3 2 2 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0
2 3 2 1 5 1 3 2 2 GS Total:
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
2 3 1 5 1 3 1 5 1 3 2 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 0 0 0 A1 0 0 0 0 0 A1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 0 0 0 0 A1 0 0 0 0 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 0 0 0 0 A1 0 0 0 0 0 A1
(su(2)) (g2) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
0 0 0 0 0 A1 0 0 0 0 0 A1
D.1.16 (a, a¯) = (1/6, 1/6)
7 1 GS Total:
(III∗,e7) (I0,n0)
0 A1 A1
8 1 2 GS Total:
(III∗,e7) (I0,n0) (I0,n0)
0 A1 0 A1
(III∗,e7) (I0,n0) (II,n0)
0 0 A1 A1
(III∗,e7) (I0,n0) (I1,n0)









0 0 A3 A3
(III∗,e7) (I0,n0) (III,su(2))
0 0 B3 B3
(e7) (n0) (su(2))
0 0 B3 B3
D.1.17 (a, a¯) = (5/6, 5/6)
2 2 3 1 3 2 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (III,su(2))
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7)) (III,su(2))
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7)) (III,su(2))
0 0 0 0 A1 0 A1
2 2 3 1 5 1 2 3 GS Total:
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 0 0 0 0 A1 A1
2 3 2 1 5 1 3 2 GS Total:
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
2 2 3 1 5 1 3 2 1 5 GS Total:
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(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗s,e6)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV∗ns,f4)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗ns,f4)
0
3 1 5 1 3 1 5 1 3 2 GS Total:
(IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 A1 0 0 0 0 0 A21
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 0 0 0 A1 0 0 0 0 0 A21
(g2) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
A1 0 0 0 A1 0 0 0 0 0 A21
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 0 0 0 0 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
A1 0 0 0 0 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 0 0 A1 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 0 0 0 A1 0 0 0 0 0 A1
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
0 0 0 0 A1 0 0 0 0 0 A1
D.1.18 (a, a¯) = (1/5, 1/5)






7 1 2 GS Total:
(III∗,e7) (I0,n0) (I0,n0)
0 A1 0 A1
(III∗,e7) (I0,n0) (II,n0)
0 0 A1 A1
(III∗,e7) (I0,n0) (I1,n0)








0 0 A3 A3
(III∗,e7) (I0,n0) (III,su(2))
0 0 B3 B3
(e7) (n0) (su(2))
0 0 B3 B3
D.1.19 (a, a¯) = (2/5, 3/5)







5 1 2 3 GS Total:
(IV∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(IV∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(III∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(IV∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(IV∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
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0(IV∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 A1 A1
(III∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 A1 A1
(IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 A1 A1
5 1 3 2 1 5 GS Total:
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
0
D.1.20 (a, a¯) = (4/5, 4/5)
2 3 1 3 2 GS Total:
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (III,su(2))
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0(III,su(2)) (I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A1 0 0 0 A1
(su(2)) (so(7)) (n0) (g2) (su(2))
0 A1 0 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2))
0 A1 0 A1 0 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2))
0 A1 0 A1 0 A
2
1
(su(2)) (so(7)) (n0) (so(7)) (su(2))
0 A1 0 A1 0 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 0 A1 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 0 A2 0 0 A2
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 0 A1 0 0 A1
(su(2)) (so(7)) (su(2)) (so(7)) (su(2))
0 0 A2 0 0 A2
3 1 3 2 2 GS Total:







(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 0 0 0 0 A1
(g2) (n0) (g2) (su(2)) (n0)
A1 0 0 0 0 A1
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
C2 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
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C2 0 0 0 0 C2
(so(7)) (n0) (g2) (su(2)) (n0)
C2 0 0 0 0 C2
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A31 0 0 0 0 A
3
1
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
C2 0 0 0 0 C2
2 1 5 1 3 2 2 GS Total:
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
C4 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0 A1 0 0 0 0 0 A1
(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 A2 0 0 0 0 0 A1 ⊕A2
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
0 A1 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 A2 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
B3 0 0 0 0 0 0 B3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
g2 0 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A3 0 0 0 0 0 0 A3
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A2 0 0 0 0 0 0 A2
(su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0)
B3 0 0 0 0 0 0 B3
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A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0)
A4 0 0 0 0 0 0 A4
(su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A5 0 0 0 0 0 0 A5
2 3 2 1 5 1 3 GS Total:
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 0 A1 A1
3 2 1 5 1 3 2 GS Total:
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 0 0 0 0 0 0 A1
(so(7)) (su(2)) (n0) (f4) (n0) (g2) (su(2))
A1 0 0 0 0 0 0 A1
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2 3 1 5 1 3 2 1 5 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV




3 1 5 1 3 1 5 1 3 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 0 0 A1 0 0 0 A1 A
3
1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 0 0 0 A1 A1
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 0 0 0 A1 0 0 0 0 A1
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(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 0 0 0 A1 A1
D.1.21 (a, a¯) = (1/4, 1/4)















6 1 2 GS Total:
(IV∗s,e6) (I0,n0) (I0,n0)
0 A2 0 A2
(IV∗s,e6) (I0,n0) (II,n0)




0 A2 A1 A1 ⊕A2
(e6) (n0) (n0)
0 A2 A1 A1 ⊕A2
(IV∗s,e6) (I0,n0) (III,su(2))
0 0 B3 B3
(IV∗s,e6) (I0,n0) (I2,su(2))
0 0 A3 A3
(IV∗s,e6) (I0,n0) (IVns,su(2))
0 0 A1 ⊕A2 A1 ⊕A2
0 0 g2 g2
(e6) (n0) (su(2))
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0 0 B3 B3
0 0 A1 ⊕A2 A1 ⊕A2
(IV∗s,e6) (I0,n0) (Is3,su(3))
0 0 A5 A5
(IV∗s,e6) (I0,n0) (IVs,su(3))
0 0 A22 A
2
2
0 0 C2 C2
(e6) (n0) (su(3))
0 0 A5 A5
(III∗,e7) (I0,n0) (I0,n0)
0 A1 0 A1
(III∗,e7) (I0,n0) (II,n0)
0 0 A1 A1
(III∗,e7) (I0,n0) (I1,n0)








0 0 A3 A3
(III∗,e7) (I0,n0) (III,su(2))
0 0 B3 B3
(e7) (n0) (su(2))
0 0 B3 B3
D.1.22 (a, a¯) = (3/4, 3/4)
2 3 1 3 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3))
0
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2)
0 0 0 A1 A1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2)
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0 0 0 A1 A1
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2)
0 0 0 A1 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2)
0 0 0 A1 A1
(su(2)) (g2) (n0) (g2)
0 0 0 A1 A1
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(su(2)) (g2) (n0) (so(7))
0 0 0 C2 C2
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗s0 ,so(8))
0 0 0 A31 A
3
1
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗s0 ,so(8))
0 0 0 A31 A
3
1
(su(2)) (g2) (n0) (so(8))
0 0 0 A31 A
3
1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns1 ,so(9))
0 0 0 C2 C2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns1 ,so(9))
0 0 0 C2 C2
(su(2)) (g2) (n0) (so(9))
0 0 0 C2 C2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2)
0 A1 0 A1 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2)
0 0 0 A1 A1
(su(2)) (so(7)) (n0) (g2)
0 A1 0 A1 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7))
0 A1 0 C2 A1 ⊕ C2
(III,su(2)) (I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7))
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0 A1 0 C2 A1 ⊕ C2
(su(2)) (so(7)) (n0) (so(7))
0 A1 0 C2 A1 ⊕ C2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗s0 ,so(8))





(III,su(2)) (I∗ss0 ,so(7)) (I1,n0) (I∗s0 ,so(8))





(su(2)) (so(7)) (n0) (so(8))





(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (IVs,su(3))
0 A1 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ns0 ,g2)
0 0 A1 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns0 ,g2)
0 0 A2 0 A2
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I∗ns0 ,g2)
0 0 A1 0 A1
(su(2)) (so(7)) (su(2)) (g2)
0 0 A2 0 A2
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗s1 ,so(10))
0 0 0 C2 C2
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s1 ,so(10))
0 0 0 C2 C2
(su(2)) (so(7)) (su(2)) (so(10))
0 0 0 C2 C2
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ns2 ,so(11))
0 0 0 C3 C3
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
0 0 0 C3 C3
(su(2)) (so(7)) (su(2)) (so(11))
0 0 0 C3 C3
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗s2 ,so(12))
0 0 0 C4 C4
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s2 ,so(12))
0 0 0 C4 C4
(su(2)) (so(7)) (su(2)) (so(12))
0 0 0 C4 C4
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7))
344
0 0 A1 A1 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
0 0 A2 A1 A1 ⊕A2
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7))
0 0 A1 A1 A
2
1
(su(2)) (so(7)) (su(2)) (so(7))
0 0 A2 A1 A1 ⊕A2
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗s0 ,so(8))





(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s0 ,so(8))
0 0 A1 A1 A
2
1
(su(2)) (so(7)) (su(2)) (so(8))





(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ns1 ,so(9))
0 0 0 A1 A1
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns1 ,so(9))
0 0 A1 A1 A
2
1
(su(2)) (so(7)) (su(2)) (so(9))
0 0 A1 A1 A
2
1
2 1 5 1 3 2 GS Total:
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C4 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
C4 0 0 0 0 0 C4
(g2) (n0) (f4) (n0) (g2) (su(2))
C4 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 A2 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
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A1 A2 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A1 0 0 0 0 A1
(n0) (n0) (f4) (n0) (g2) (su(2))
A1 A2 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
B3 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
B3 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A3 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A3 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
g2 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
g2 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (g2) (su(2))
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B3 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A5 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A5 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A4 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A4 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (g2) (su(2))
A5 0 0 0 0 0 A5
3 1 5 1 2 3 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (su(2)) (g2)
A1 0 0 0 0 0 A1
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(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 0 0 A1 A1
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 0 0 A1 A1
3 1 5 1 3 2 1 5 GS Total:
(IVs,su(3)) (I0,n0) (IV


























(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A1 0 0 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
A1 0 0 0 0 0 0 0 A1
D.1.23 (a, a¯) = (1/3, 1/3)
5 1 2 GS Total:
(IV∗s,e6) (I0,n0) (I0,n0)
348
0 A2 0 A2
(IV∗s,e6) (I0,n0) (II,n0)




0 A2 A1 A1 ⊕A2
(e6) (n0) (n0)
0 A2 A1 A1 ⊕A2
(IV∗s,e6) (I0,n0) (III,su(2))
0 0 B3 B3
(IV∗s,e6) (I0,n0) (I2,su(2))
0 0 A3 A3
(IV∗s,e6) (I0,n0) (IVns,su(2))
0 0 A1 ⊕A2 A1 ⊕A2
0 0 g2 g2
(e6) (n0) (su(2))
0 0 B3 B3
0 0 A1 ⊕A2 A1 ⊕A2
(IV∗s,e6) (I0,n0) (Is3,su(3))
0 0 A5 A5
(IV∗s,e6) (I0,n0) (IVs,su(3))
0 0 A22 A
2
2
0 0 C2 C2
(e6) (n0) (su(3))
0 0 A5 A5
(III∗,e7) (I0,n0) (I0,n0)
0 A1 0 A1
(III∗,e7) (I0,n0) (II,n0)
0 0 A1 A1
(III∗,e7) (I0,n0) (I1,n0)








0 0 A3 A3
(III∗,e7) (I0,n0) (III,su(2))
0 0 B3 B3
(e7) (n0) (su(2))
0 0 B3 B3
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(IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 C4 C4
(IV∗ns,f4) (I0,n0) (I0,n0)
0 A2 0 A2
(IV∗ns,f4) (I0,n0) (II,n0)




0 A2 A1 A1 ⊕A2
(IV∗ns,f4) (II,n0) (II,n0)
0 A1 0 A1
(IV∗ns,f4) (I1,n0) (I1,n0)
0 A1 0 A1
(f4) (n0) (n0)
0 A2 A1 A1 ⊕A2
(IV∗ns,f4) (I0,n0) (III,su(2))
0 0 B3 B3
(IV∗ns,f4) (I0,n0) (I2,su(2))
0 0 A3 A3
(IV∗ns,f4) (II,n0) (III,su(2))
0 0 A1 A1
(IV∗ns,f4) (II,n0) (IVns,su(2))
0 0 g2 g2
(IV∗ns,f4) (I1,n0) (I2,su(2))
0 0 A2 A2
(IV∗ns,f4) (I0,n0) (IVns,su(2))
0 0 A1 ⊕A2 A1 ⊕A2
0 0 g2 g2
(f4) (n0) (su(2))
0 0 B3 B3
0 0 A1 ⊕A2 A1 ⊕A2
(IV∗ns,f4) (I0,n0) (Is3,su(3))
0 0 A5 A5
(IV∗ns,f4) (I1,n0) (Is3,su(3))
0 0 A4 A4
(IV∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A22 A
2
2
0 0 C2 C2
(f4) (n0) (su(3))
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0 0 A5 A5
D.1.24 (a, a¯) = (2/3, 2/3)







(I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A1 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2)
A1 0 A1 A
2
1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2)




A1 0 A1 A
2
1
(I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7))
A1 0 C2 A1 ⊕ C2
(I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7))
A1 0 C2 A1 ⊕ C2
(g2) (n0) (so(7))
A1 0 C2 A1 ⊕ C2






(I∗ns0 ,g2) (II,n0) (I∗ns1 ,so(9))
A1 0 C2 A1 ⊕ C2
(I∗ns0 ,g2) (III,su(2)) (I∗ns0 ,g2)
0 A1 0 A1
(I∗ns0 ,g2) (IVns,su(2)) (I∗ns0 ,g2)
0 A2 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I∗ns0 ,g2)
0 A1 0 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns0 ,g2)
0 A2 0 A2
(g2) (su(2)) (g2)
0 A2 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I∗s1 ,so(10))
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0 0 C2 C2
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s1 ,so(10))
0 0 C2 C2
(g2) (su(2)) (so(10))
0 0 C2 C2
(I∗ns0 ,g2) (I2,su(2)) (I∗ns2 ,so(11))
0 0 C3 C3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns2 ,so(11))
0 0 C3 C3
(g2) (su(2)) (so(11))
0 0 C3 C3
(I∗ns0 ,g2) (I2,su(2)) (I∗s2 ,so(12))
0 0 C4 C4
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s2 ,so(12))
0 0 C4 C4
(g2) (su(2)) (so(12))
0 0 C4 C4
(I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7))
0 A1 A1 A
2
1
(I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7))
0 A1 A1 A
2
1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7))
0 A2 A1 A1 ⊕A2
(g2) (su(2)) (so(7))
0 A2 A1 A1 ⊕A2






(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s0 ,so(8))









(I∗ns0 ,g2) (I2,su(2)) (I∗ns1 ,so(9))
0 0 A1 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns1 ,so(9))




0 A1 A1 A
2
1
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
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A1 A1 A1 A
3
1
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗s1 ,so(10))




A1 A1 A1 A
3
1
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
A1 0 C2 A1 ⊕ C2
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
A1 0 C2 A1 ⊕ C2
(so(10)) (sp(2)) (so(11))
A1 0 C2 A1 ⊕ C2
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
A1 0 C3 A1 ⊕ C3
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
A1 0 C3 A1 ⊕ C3
(so(10)) (sp(2)) (so(12))
A1 0 C3 A1 ⊕ C3
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
0 A3 0 A3
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
0 A2 A1 A1 ⊕A2
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
0 A2 C2 A2 ⊕ C2
(I∗s1 ,so(10)) (I2,su(2)) (I∗s1 ,so(10))
C2 0 C2 C
2
2
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
C2 0 C2 C
2
2
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))




C2 0 C2 C
2
2
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C2 0 C3 C2 ⊕ C3
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
C2 0 C3 C2 ⊕ C3
(so(11)) (sp(2)) (so(12))
C2 0 C3 C2 ⊕ C3
(I∗ns2 ,so(11)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
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A1 A1 A1 A
3
1
(I∗ns2 ,so(11)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))




A1 A2 A1 A
2
1 ⊕A2
(I∗ns2 ,so(11)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
A1 A1 C2 A
2
1 ⊕ C2
(I∗ns2 ,so(11)) (Ins7 ,sp(3)) (I∗s2 ,so(12))




A1 A1 C2 A
2
1 ⊕ C2
(I∗ns2 ,so(11)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
0 A3 0 A3
(I∗ns2 ,so(11)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
0 A4 0 A4
(so(11)) (sp(4)) (so(11))
0 A4 0 A4
(I∗ns2 ,so(11)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
0 A3 A1 A1 ⊕A3
(I∗ns2 ,so(11)) (Ins9 ,sp(4)) (I∗s2 ,so(12))
0 A3 A1 A1 ⊕A3
(so(11)) (sp(4)) (so(12))
0 A3 A1 A1 ⊕A3
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C3 0 C3 C
2
3
(I∗s2 ,so(12)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
C2 A1 C2 A1 ⊕ C22
(I∗s2 ,so(12)) (Ins7 ,sp(3)) (I∗s2 ,so(12))




C2 A1 C2 A1 ⊕ C22
(I∗s2 ,so(12)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
A1 A3 A1 A
2
1 ⊕A3
(I∗s2 ,so(12)) (Ins9 ,sp(4)) (I∗s2 ,so(12))




A1 A3 A1 A
2
1 ⊕A3
(I∗s2 ,so(12)) (Ins10 ,sp(5)) (I∗s2 ,so(12))
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0 A5 0 A5
(I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7))
C2 0 C2 C
2
2
(I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7))




C2 0 C2 C
2
2


















(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
0 A2 A1 A1 ⊕A2
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
0 A1 C2 A1 ⊕ C2
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
0 A1 C3 A1 ⊕ C3
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
0 A3 0 A3
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
0 A2 0 A2
(I∗ss0 ,so(7)) (I2,su(2)) (I∗s1 ,so(10))
A1 0 C2 A1 ⊕ C2
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s1 ,so(10))
A1 0 C2 A1 ⊕ C2
(so(7)) (su(2)) (so(10))
A1 0 C2 A1 ⊕ C2
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns2 ,so(11))
A1 0 C3 A1 ⊕ C3
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
A1 0 C3 A1 ⊕ C3
(so(7)) (su(2)) (so(11))
A1 0 C3 A1 ⊕ C3
(I∗ss0 ,so(7)) (I2,su(2)) (I∗s2 ,so(12))
A1 0 C4 A1 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s2 ,so(12))
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A1 0 C4 A1 ⊕ C4
(so(7)) (su(2)) (so(12))
A1 0 C4 A1 ⊕ C4
(I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7))
A1 A1 A1 A
3
1
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7))
A1 A1 A1 A
3
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7))




A1 A2 A1 A
2
1 ⊕A2






(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s0 ,so(8))









(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns1 ,so(9))
A1 0 A1 A
2
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns1 ,so(9))




A1 A1 A1 A
3
1






(I∗s0 ,so(8)) (I2,su(2)) (I∗s1 ,so(10))
A21 0 C2 A
2
1 ⊕ C2
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗s1 ,so(10))
A1 0 C2 A1 ⊕ C2
(so(8)) (su(2)) (so(10))
A21 0 C2 A
2
1 ⊕ C2
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns2 ,so(11))
A21 0 C3 A
2
1 ⊕ C3
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
A1 0 C3 A1 ⊕ C3
(so(8)) (su(2)) (so(11))
A21 0 C3 A
2
1 ⊕ C3
(I∗s0 ,so(8)) (I2,su(2)) (I∗s2 ,so(12))
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A21 0 C4 A
2
1 ⊕ C4






(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗s0 ,so(8))









(I∗s0 ,so(8)) (I2,su(2)) (I∗ns1 ,so(9))
A21 0 A1 A
3
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns1 ,so(9))




A21 0 A1 A
3
1
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
0 A1 A1 A
2
1
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗s1 ,so(10))




0 A1 A1 A
2
1
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
0 0 C2 C2
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
0 A1 C2 A1 ⊕ C2
(so(9)) (sp(2)) (so(11))
0 A1 C2 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
0 0 C3 C3
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
0 0 C3 C3
(so(9)) (sp(2)) (so(12))
0 0 C3 C3
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
0 A1 0 A1
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
0 A2 0 A2
(so(9)) (sp(2)) (so(9))
0 A2 0 A2
(I∗ns1 ,so(9)) (I2,su(2)) (I∗s1 ,so(10))
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A1 0 C2 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗s1 ,so(10))
A1 0 C2 A1 ⊕ C2
(so(9)) (su(2)) (so(10))
A1 0 C2 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
A1 0 C3 A1 ⊕ C3
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ns1 ,so(9))
A1 0 A1 A
2
1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns1 ,so(9))




























0 0 C2 C2
(IVs,su(3)) (I0,n0) (IV
s,su(3))
0 A21 0 A
2
1
0 A2 0 A2
5 1 2 2 3 GS Total:
(III∗,e7) (I0,n0) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0
(IV∗s,e6) (I0,n0) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 A1
(IV∗ns,f4) (I0,n0) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 A1
5 1 3 1 5 1 3 1 5 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
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(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 A1 0 0 0 A1 0 0 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 0 A1 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 0 A1 0 0 0 0 0 0 A1
D.1.25 (a, a¯) = (1/2, 1/2)
2 2 1 5 GS Total:
(II,n0) (II,n0) (I0,n0) (III
∗,e7)
0
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4)
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗s,e6)
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗s,e6)
0
(IVns,su(2)) (III,su(2)) (I0,n0) (III
∗,e7)
0
(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4)
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4)
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0




(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
C3 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
C3 0 0 0 C3
(g2) (su(2)) (n0) (e6)
C3 0 0 0 C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
C3 0 0 0 C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
C3 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
C3 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
C3 0 0 0 C3
(g2) (su(2)) (n0) (f4)
C3 0 0 0 C3
(I0,n0) (I0,n0) (I0,n0) (IV
∗s,e6)
0 0 A2 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗s,e6)
0 0 A1 0 A1
(I1,n0) (I1,n0) (I0,n0) (IV
∗s,e6)
0 0 A2 0 A2
(n0) (n0) (n0) (e6)
0 0 A2 0 A2
(I0,n0) (I0,n0) (I0,n0) (III
∗,e7)
0 0 A1 0 A1
(I1,n0) (I1,n0) (I0,n0) (III
∗,e7)
0 0 A1 0 A1
(n0) (n0) (n0) (e7)
0 0 A1 0 A1
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4)
0 0 A2 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4)
0 0 A1 0 A1
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4)
0 0 A1 0 A1
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(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4)
0 0 A2 0 A2
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4)
0 0 A1 0 A1
(n0) (n0) (n0) (f4)
0 0 A2 0 A2
(II,n0) (III,su(2)) (I0,n0) (IV
∗s,e6)




0 g2 0 0 g2
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗s,e6)
0 A2 0 0 A2
(n0) (su(2)) (n0) (e6)
0 g2 0 0 g2
(II,n0) (III,su(2)) (I0,n0) (III
∗,e7)
0 A1 0 0 A1
(I1,n0) (I2,su(2)) (I0,n0) (III
∗,e7)
0 A2 0 0 A2
(n0) (su(2)) (n0) (e7)
0 A2 0 0 A2
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4)








0 g2 0 0 g2
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4)
0 A2 0 0 A2
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4)
0 A1 0 0 A1
(n0) (su(2)) (n0) (f4)
0 g2 0 0 g2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C4 0 0 0 C4
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C4 0 0 0 C4
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C4 0 0 0 C4
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(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 C3 0 0 C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 C3 0 0 C3
(su(2)) (g2) (n0) (f4)
0 C3 0 0 C3
(III,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
A1 0 A1 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
g2 0 A1 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗s,e6)
A2 0 A2 0 A
2
2
(su(2)) (n0) (n0) (e6)
A2 0 A2 0 A
2
2
g2 0 A1 0 A1 ⊕ g2
(III,su(2)) (II,n0) (I0,n0) (III
∗,e7)
A1 0 0 0 A1
(IVns,su(2)) (II,n0) (I0,n0) (III
∗,e7)
g2 0 0 0 g2
(I2,su(2)) (I1,n0) (I0,n0) (III
∗,e7)
A2 0 A1 0 A1 ⊕A2
(su(2)) (n0) (n0) (e7)
A2 0 A1 0 A1 ⊕A2
g2 0 0 0 g2
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4)
A1 0 A1 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4)
g2 0 A1 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4)
A2 0 A2 0 A
2
2
(su(2)) (n0) (n0) (f4)
A2 0 A2 0 A
2
2
g2 0 A1 0 A1 ⊕ g2
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗s,e6)
A1 A1 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗s,e6)
A1 A1 0 0 A
2
1
(su(2)) (su(2)) (n0) (e6)
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A1 A1 0 0 A
2
1
(III,su(2)) (III,su(2)) (I0,n0) (III
∗,e7)
A1 A1 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (III
∗,e7)
A1 A1 0 0 A
2
1
(su(2)) (su(2)) (n0) (e7)
A1 A1 0 0 A
2
1
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A1 A1 0 0 A
2
1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4)
A1 0 0 0 A1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4)
A1 A1 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4)
A1 0 0 0 A1
(su(2)) (su(2)) (n0) (f4)
A1 A1 0 0 A
2
1
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗s,e6)
0 A2 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗s,e6)





0 A3 0 0 A3
(su(2)) (su(3)) (n0) (e6)
0 A3 0 0 A3
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4)
0 A2 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4)










0 A2 0 0 A2
(su(2)) (su(3)) (n0) (f4)
0 A3 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗s,e6)
A2 0 0 0 A2
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗s,e6)
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A2 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗s,e6)
A3 0 0 0 A3
(su(3)) (su(2)) (n0) (e6)
A3 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (III
∗,e7)
A2 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (III
∗,e7)
A3 0 0 0 A3
(su(3)) (su(2)) (n0) (e7)
A3 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A2 0 0 0 A2
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4)
A2 0 0 0 A2
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4)
A2 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4)
A3 0 0 0 A3
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4)
A3 0 0 0 A3
(su(3)) (su(2)) (n0) (f4)
A3 0 0 0 A3
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗s,e6)







A2 A2 0 0 A
2
2
(su(3)) (su(3)) (n0) (e6)
A2 A2 0 0 A
2
2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4)














A2 A1 0 0 A1 ⊕A2
(su(3)) (su(3)) (n0) (f4)
A2 A2 0 0 A
2
2
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗s,e6)
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A5 0 0 0 A5
(Is4,su(4)) (I2,su(2)) (I0,n0) (III
∗,e7)
A5 0 0 0 A5
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4)















A4 0 0 0 A4
(su(4)) (su(3)) (n0) (f4)















A6 0 0 0 A6
(su(5)) (su(3)) (n0) (f4)










A8 0 0 0 A8
5 1 3 1 3 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ns0 ,g2)
0 0 0 0 A1 A1
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (I∗s1 ,so(10))
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0 0 0 0 C3 C3
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ss0 ,so(7))
0 0 0 0 C2 C2
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (I∗s0 ,so(8))
0 0 0 0 A31 A
3
1
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ns1 ,so(9))
0 0 0 0 C2 C2
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IVs,su(3))
0 0 0 A21 0 A
2
1
0 0 0 A2 0 A2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 A1 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2)
0 0 A1 0 A1 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2)
0 0 A1 0 A1 A
2
1
(f4) (n0) (g2) (n0) (g2)
0 0 A1 0 A1 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7))
0 0 A1 0 C2 A1 ⊕ C2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7))
0 0 A1 0 C2 A1 ⊕ C2
(f4) (n0) (g2) (n0) (so(7))
0 0 A1 0 C2 A1 ⊕ C2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I0,n0) (I∗s0 ,so(8))





(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (I∗ns1 ,so(9))
0 0 A1 0 C2 A1 ⊕ C2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I0,n0) (IVs,su(3))
0 0 A1 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I∗ns0 ,g2)
0 0 0 A1 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗ns0 ,g2)
0 0 0 A1 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns0 ,g2)
0 0 0 A2 0 A2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I∗ns0 ,g2)
0 0 0 A2 0 A2
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(f4) (n0) (g2) (su(2)) (g2)
0 0 0 A2 0 A2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗s1 ,so(10))
0 0 0 0 C2 C2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s1 ,so(10))
0 0 0 0 C2 C2
(f4) (n0) (g2) (su(2)) (so(10))
0 0 0 0 C2 C2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗ns2 ,so(11))
0 0 0 0 C3 C3
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns2 ,so(11))
0 0 0 0 C3 C3
(f4) (n0) (g2) (su(2)) (so(11))
0 0 0 0 C3 C3
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗s2 ,so(12))
0 0 0 0 C4 C4
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s2 ,so(12))
0 0 0 0 C4 C4
(f4) (n0) (g2) (su(2)) (so(12))
0 0 0 0 C4 C4
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7))
0 0 0 A1 A1 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7))
0 0 0 A1 A1 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7))
0 0 0 A2 A1 A1 ⊕A2
(f4) (n0) (g2) (su(2)) (so(7))
0 0 0 A2 A1 A1 ⊕A2
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗s0 ,so(8))





(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s0 ,so(8))
0 0 0 A1 A1 A
2
1
(f4) (n0) (g2) (su(2)) (so(8))





(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (I2,su(2)) (I∗ns1 ,so(9))
0 0 0 0 A1 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns1 ,so(9))




(f4) (n0) (g2) (su(2)) (so(9))
0 0 0 A1 A1 A
2
1
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ns0 ,g2)
0 0 0 0 A1 A1
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (I∗s1 ,so(10))
0 0 0 0 C3 C3
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ss0 ,so(7))
0 0 0 0 C2 C2
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (I∗s0 ,so(8))
0 0 0 0 A31 A
3
1
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (I∗ns1 ,so(9))
0 0 0 0 C2 C2
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IVs,su(3))
0 0 0 A21 0 A
2
1
0 0 0 A2 0 A2
2 1 5 1 3 1 5 GS Total:
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
C4 0 0 0 A1 0 0 A1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
C4 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
C4 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 A2 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (e6)
A1 A2 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 A2 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (f4)
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A1 A2 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 A2 0 0 A1 0 0 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 A1 0 0 A1 0 0 A
2
1
(n0) (n0) (f4) (n0) (g2) (n0) (f4)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 A2 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 A1 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 A1 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(3)) (n0) (e6)
A1 A2 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 A2 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 A1 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 A1 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(3)) (n0) (f4)
A1 A2 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
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B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A3 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (e6) (n0) (su(3)) (n0) (e6)
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A3 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (e6) (n0) (su(3)) (n0) (f4)
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
B3 0 0 0 A1 0 0 A1 ⊕B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A3 0 0 0 A1 0 0 A1 ⊕A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
g2 0 0 0 A1 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A2 0 0 0 A1 0 0 A1 ⊕A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A1 ⊕A2 0 0 0 A1 0 0 A21 ⊕A2
g2 0 0 0 A1 0 0 A1 ⊕ g2
(su(2)) (n0) (f4) (n0) (g2) (n0) (f4)
B3 0 0 0 A1 0 0 A1 ⊕B3
A1 ⊕A2 0 0 0 A1 0 0 A21 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
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A3 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
g2 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A2 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (e6)
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A3 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
g2 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A2 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (f4)
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A5 0 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (e6)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A5 0 0 0 0 0 0 A5
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(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (f4)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A5 0 0 0 A1 0 0 A1 ⊕A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A4 0 0 0 A1 0 0 A1 ⊕A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
A22 0 0 0 A1 0 0 A1 ⊕A22
C2 0 0 0 A1 0 0 A1 ⊕ C2
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4)
A5 0 0 0 A1 0 0 A1 ⊕A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A4 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (e6)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A4 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (f4)
A5 0 0 0 0 0 0 A5
5 1 3 2 2 1 5 GS Total:
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I0,n0) (III∗,e7)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I0,n0) (IV∗s,e6)
0 0 0 0 0 A1 0 A1
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(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I0,n0) (IV∗ns,f4)
0 0 0 0 0 A1 0 A1
D.1.26 (a, a¯) = (0, 0)





(IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A1 A1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
C4 0 0 C4
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2)
C4 0 A1 A1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2)
C4 0 A1 A1 ⊕ C4
(g2) (n0) (g2)
C4 0 A1 A1 ⊕ C4
(I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7))
C4 0 C2 C2 ⊕ C4
(I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7))
C4 0 C2 C2 ⊕ C4
(g2) (n0) (so(7))
C4 0 C2 C2 ⊕ C4






(I∗ns0 ,g2) (II,n0) (I∗ns1 ,so(9))
C4 0 C2 C2 ⊕ C4
(I∗ns0 ,g2) (I0,n0) (IVs,su(3))
C4 0 0 C4
(I∗ns0 ,g2) (Ins4 ,sp(2)) (I∗s1 ,so(10))
C2 A2 A1 A1 ⊕A2 ⊕ C2
(I∗ns0 ,g2) (Ins5 ,sp(2)) (I∗s1 ,so(10))
C2 A2 A1 A1 ⊕A2 ⊕ C2
(g2) (sp(2)) (so(10))
C2 A2 A1 A1 ⊕A2 ⊕ C2
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(I∗ns0 ,g2) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
C2 A1 C2 A1 ⊕ C22
(I∗ns0 ,g2) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
C2 A2 C2 A2 ⊕ C22
(g2) (sp(2)) (so(11))
C2 A2 C2 A2 ⊕ C22
(I∗ns0 ,g2) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C2 A1 C3 A1 ⊕ C2 ⊕ C3
(I∗ns0 ,g2) (Ins5 ,sp(2)) (I∗s2 ,so(12))
C2 A1 C3 A1 ⊕ C2 ⊕ C3
(g2) (sp(2)) (so(12))
C2 A1 C3 A1 ⊕ C2 ⊕ C3
(I∗ns0 ,g2) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
C2 A3 0 A3 ⊕ C2
(I∗ns0 ,g2) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
C2 A2 0 A2 ⊕ C2
(I∗ns0 ,g2) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
C2 A3 0 A3 ⊕ C2
(g2) (sp(2)) (so(9))
C2 A3 0 A3 ⊕ C2
(I∗ns0 ,g2) (Ins6 ,sp(3)) (I∗s1 ,so(10))
A1 A4 0 A1 ⊕A4
(I∗ns0 ,g2) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
A1 A3 A1 A
2
1 ⊕A3
(I∗ns0 ,g2) (Ins7 ,sp(3)) (I∗ns2 ,so(11))




A1 A4 A1 A
2
1 ⊕A4
(I∗ns0 ,g2) (Ins6 ,sp(3)) (I∗s2 ,so(12))
A1 A3 C2 A1 ⊕A3 ⊕ C2
(I∗ns0 ,g2) (Ins7 ,sp(3)) (I∗s2 ,so(12))
A1 A3 C2 A1 ⊕A3 ⊕ C2
(g2) (sp(3)) (so(12))
A1 A3 C2 A1 ⊕A3 ⊕ C2
(I∗ns0 ,g2) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
0 A5 0 A5
(I∗ns0 ,g2) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
0 A6 0 A6
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(g2) (sp(4)) (so(11))
0 A6 0 A6
(I∗ns0 ,g2) (Ins8 ,sp(4)) (I∗s2 ,so(12))
0 A5 A1 A1 ⊕A5
(I∗ns0 ,g2) (Ins9 ,sp(4)) (I∗s2 ,so(12))
0 A5 A1 A1 ⊕A5
(g2) (sp(4)) (so(12))
0 A5 A1 A1 ⊕A5
(I∗ns0 ,g2) (III,su(2)) (I∗ns0 ,g2)
C3 A1 0 A1 ⊕ C3
(I∗ns0 ,g2) (IVns,su(2)) (I∗ns0 ,g2)
C3 A2 0 A2 ⊕ C3
(I∗ns0 ,g2) (I2,su(2)) (I∗ns0 ,g2)
C3 A1 0 A1 ⊕ C3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns0 ,g2)
C3 A2 0 A2 ⊕ C3
(g2) (su(2)) (g2)
C3 A2 0 A2 ⊕ C3
(I∗ns0 ,g2) (I2,su(2)) (I∗s1 ,so(10))
C3 0 C2 C2 ⊕ C3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s1 ,so(10))
C3 0 C2 C2 ⊕ C3
(g2) (su(2)) (so(10))
C3 0 C2 C2 ⊕ C3
(I∗ns0 ,g2) (I2,su(2)) (I∗ns2 ,so(11))
C3 0 C3 C
2
3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns2 ,so(11))




C3 0 C3 C
2
3
(I∗ns0 ,g2) (I2,su(2)) (I∗s2 ,so(12))
C3 0 C4 C3 ⊕ C4
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s2 ,so(12))
C3 0 C4 C3 ⊕ C4
(g2) (su(2)) (so(12))
C3 0 C4 C3 ⊕ C4
(I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7))




(I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7))
C3 A1 A1 A
2
1 ⊕ C3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C3 A2 A1 A1 ⊕A2 ⊕ C3
(g2) (su(2)) (so(7))
C3 A2 A1 A1 ⊕A2 ⊕ C3






(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗s0 ,so(8))









(I∗ns0 ,g2) (I2,su(2)) (I∗ns1 ,so(9))
C3 0 A1 A1 ⊕ C3
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns1 ,so(9))









0 A2 0 A2
(II,n0) (I0,n0) (IV
∗s,e6)





A1 A2 0 A1 ⊕A2
(n0) (n0) (e6)
A1 A2 0 A1 ⊕A2
(I0,n0) (I0,n0) (III
∗,e7)
0 A1 0 A1
(II,n0) (I0,n0) (III
∗,e7)
A1 0 0 A1
(I1,n0) (I0,n0) (III
∗,e7)









0 A2 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4)






0 A1 0 A1
(I1,n0) (I0,n0) (IV
∗ns,f4)
A1 A2 0 A1 ⊕A2
(I1,n0) (I1,n0) (IV
∗ns,f4)
0 A1 0 A1
(n0) (n0) (f4)




0 D4 A1 A1 ⊕D4










0 C3 A1 A1 ⊕ C3










0 A2 A1 A1 ⊕A2
(n0) (n0) (g2)
0 D4 A1 A1 ⊕D4
0 A1 ⊕A3 A1 A21 ⊕A3
A1 A3 A1 A
2
1 ⊕A3




0 A3 C3 A3 ⊕ C3















































0 A1 C4 A1 ⊕ C4
(n0) (n0) (so(11))
0 A21 C4 A
2
1 ⊕ C4




























0 0 C5 C5
(n0) (n0) (so(12))
0 A21 C5 A
2
1 ⊕ C5






0 D4 C2 C2 ⊕D4





















0 A22 C2 A
2
2 ⊕ C2
0 B3 C2 B3 ⊕ C2
(n0) (n0) (so(7))
0 A22 C2 A
2
2 ⊕ C2
0 D4 C2 C2 ⊕D4
0 A1 ⊕A3 C2 A1 ⊕A3 ⊕ C2





















































0 A3 C2 A3 ⊕ C2




















0 A21 C2 A
2
1 ⊕ C2
0 A2 C2 A2 ⊕ C2
(n0) (n0) (so(9))




0 e6 0 e6
0 A2 ⊕A3 0 A2 ⊕A3
(II,n0) (I0,n0) (IV
s,su(3))
A1 A5 0 A1 ⊕A5
A1 D4 0 A1 ⊕D4
(I1,n0) (I0,n0) (IV
s,su(3))
A1 A5 0 A1 ⊕A5
A1 D5 0 A1 ⊕D5
A1 A1 ⊕A4 0 A21 ⊕A4
A1 A2 ⊕A3 0 A1 ⊕A2 ⊕A3
(n0) (n0) (su(3))
0 e6 0 e6
A1 D5 0 A1 ⊕D5
A1 A1 ⊕A4 0 A21 ⊕A4




0 B3 0 B3
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2)
0 A22 0 A
2
2
0 C2 0 C2




0 A22 0 A
2
2
0 A4 0 A4










0 D5 0 D5




0 A5 0 A5




0 A3 C2 A3 ⊕ C2











0 D4 C2 C2 ⊕D4
0 A1 ⊕A2 C2 A1 ⊕A2 ⊕ C2
(n0) (su(2)) (so(10))
0 D4 C2 C2 ⊕D4




0 A21 C3 A
2
1 ⊕ C3










0 A21 C3 A
2
1 ⊕ C3
0 A2 C3 A2 ⊕ C3
(n0) (su(2)) (so(11))




0 A21 C4 A
2
1 ⊕ C4










0 A21 C4 A
2
1 ⊕ C4
0 A2 C4 A2 ⊕ C4
(n0) (su(2)) (so(12))
0 A21 C4 A
2
1 ⊕ C4








0 A22 A1 A1 ⊕A22
0 A4 A1 A1 ⊕A4










0 D5 A1 A1 ⊕D5
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0 A22 A1 A1 ⊕A22
(n0) (su(2)) (so(7))
0 A5 A1 A1 ⊕A5
















































0 A3 A1 A1 ⊕A3










0 D4 A1 A1 ⊕D4
0 A1 ⊕A2 A1 A21 ⊕A2
(n0) (su(2)) (so(9))
0 A4 A1 A1 ⊕A4
0 D4 A1 A1 ⊕D4
(I∗s1 ,so(10)) (I0,n0) (IVs,su(3))
C4 0 0 C4
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
C2 A1 A1 A
2
1 ⊕ C2
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
C2 0 A1 A1 ⊕ C2
(so(10)) (sp(2)) (so(10))
C2 A1 A1 A
2
1 ⊕ C2
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
C2 0 C2 C
2
2
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
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C2 0 C2 C
2
2
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C2 0 C3 C2 ⊕ C3
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
C2 0 C3 C2 ⊕ C3
(so(10)) (sp(2)) (so(12))
C2 0 C3 C2 ⊕ C3
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
C2 A2 0 A2 ⊕ C2
(I∗s1 ,so(10)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
C2 A1 0 A1 ⊕ C2
(I∗s1 ,so(10)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
C2 A1 0 A1 ⊕ C2
(so(10)) (sp(2)) (so(9))
C2 A1 0 A1 ⊕ C2
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
A1 A3 0 A1 ⊕A3
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
A1 A2 A1 A
2
1 ⊕A2
(I∗s1 ,so(10)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))




A1 A2 A1 A
2
1 ⊕A2
(I∗s1 ,so(10)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
A1 A2 C2 A1 ⊕A2 ⊕ C2
(I∗s1 ,so(10)) (Ins7 ,sp(3)) (I∗s2 ,so(12))




A1 A2 C2 A1 ⊕A2 ⊕ C2
(I∗s1 ,so(10)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
0 A4 0 A4
(I∗s1 ,so(10)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
0 A4 0 A4
(so(10)) (sp(4)) (so(11))
0 A4 0 A4
(I∗s1 ,so(10)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
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0 A4 A1 A1 ⊕A4
(I∗s1 ,so(10)) (Ins9 ,sp(4)) (I∗s2 ,so(12))
0 A3 A1 A1 ⊕A3
(so(10)) (sp(4)) (so(12))
0 A4 A1 A1 ⊕A4
(I∗s1 ,so(10)) (I2,su(2)) (I∗ns0 ,g2)
C3 0 0 C3
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C3 0 0 C3
(so(10)) (su(2)) (g2)
C3 0 0 C3
(I∗s1 ,so(10)) (I2,su(2)) (I∗s1 ,so(10))
C3 0 C2 C2 ⊕ C3
(I∗s1 ,so(10)) (I2,su(2)) (I∗ss0 ,so(7))
C3 0 A1 A1 ⊕ C3
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C3 0 A1 A1 ⊕ C3
(so(10)) (su(2)) (so(7))
C3 0 A1 A1 ⊕ C3






(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗s0 ,so(8))







(I∗s1 ,so(10)) (I2,su(2)) (I∗ns1 ,so(9))
C3 0 A1 A1 ⊕ C3
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ns1 ,so(9))
C3 0 A1 A1 ⊕ C3
(so(10)) (su(2)) (so(9))
C3 0 A1 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
C3 0 A1 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
C3 0 A1 A1 ⊕ C3
(so(11)) (sp(2)) (so(10))
C3 0 A1 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
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C3 0 C2 C2 ⊕ C3
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
C3 0 C2 C2 ⊕ C3
(so(11)) (sp(2)) (so(11))
C3 0 C2 C2 ⊕ C3
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C3 0 C3 C
2
3
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗s2 ,so(12))




C3 0 C3 C
2
3
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
C3 A1 0 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
C3 0 0 C3
(I∗ns2 ,so(11)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
C3 A1 0 A1 ⊕ C3
(so(11)) (sp(2)) (so(9))
C3 A1 0 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
C2 A2 0 A2 ⊕ C2
(I∗ns2 ,so(11)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
C2 A1 A1 A
2
1 ⊕ C2
(I∗ns2 ,so(11)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))
C2 A2 A1 A1 ⊕A2 ⊕ C2
(so(11)) (sp(3)) (so(11))
C2 A2 A1 A1 ⊕A2 ⊕ C2
(I∗ns2 ,so(11)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
C2 A1 C2 A1 ⊕ C22
(I∗ns2 ,so(11)) (Ins7 ,sp(3)) (I∗s2 ,so(12))
C2 A1 C2 A1 ⊕ C22
(so(11)) (sp(3)) (so(12))
C2 A1 C2 A1 ⊕ C22
(I∗ns2 ,so(11)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
A1 A3 0 A1 ⊕A3
(I∗ns2 ,so(11)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
A1 A4 0 A1 ⊕A4
(so(11)) (sp(4)) (so(11))
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A1 A4 0 A1 ⊕A4
(I∗ns2 ,so(11)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
A1 A3 A1 A
2
1 ⊕A3
(I∗ns2 ,so(11)) (Ins9 ,sp(4)) (I∗s2 ,so(12))




A1 A3 A1 A
2
1 ⊕A3
(I∗ns2 ,so(11)) (Ins10 ,sp(5)) (I∗s2 ,so(12))
0 A5 0 A5
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ns0 ,g2)
C4 0 0 C4
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C4 0 0 C4
(so(11)) (su(2)) (g2)
C4 0 0 C4
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ss0 ,so(7))
C4 0 A1 A1 ⊕ C4
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C4 0 A1 A1 ⊕ C4
(so(11)) (su(2)) (so(7))
C4 0 A1 A1 ⊕ C4






(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗s0 ,so(8))







(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ns1 ,so(9))
C4 0 A1 A1 ⊕ C4
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
C4 0 A1 A1 ⊕ C4
(I∗s2 ,so(12)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
C4 0 A1 A1 ⊕ C4
(so(12)) (sp(2)) (so(10))
C4 0 A1 A1 ⊕ C4
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
C4 0 C2 C2 ⊕ C4
(I∗s2 ,so(12)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
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C4 0 C2 C2 ⊕ C4
(so(12)) (sp(2)) (so(11))
C4 0 C2 C2 ⊕ C4
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
C4 0 C3 C3 ⊕ C4
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
C4 A1 0 A1 ⊕ C4
(I∗s2 ,so(12)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
C4 0 0 C4
(I∗s2 ,so(12)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
C4 0 0 C4
(so(12)) (sp(2)) (so(9))
C4 0 0 C4
(I∗s2 ,so(12)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
C3 A2 0 A2 ⊕ C3
(I∗s2 ,so(12)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
C3 A1 A1 A
2
1 ⊕ C3
(I∗s2 ,so(12)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))




C3 A1 A1 A
2
1 ⊕ C3
(I∗s2 ,so(12)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
C3 A1 C2 A1 ⊕ C2 ⊕ C3
(I∗s2 ,so(12)) (Ins7 ,sp(3)) (I∗s2 ,so(12))
C3 0 C2 C2 ⊕ C3
(so(12)) (sp(3)) (so(12))
C3 A1 C2 A1 ⊕ C2 ⊕ C3
(I∗s2 ,so(12)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
C2 A3 0 A3 ⊕ C2
(I∗s2 ,so(12)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
C2 A3 0 A3 ⊕ C2
(so(12)) (sp(4)) (so(11))
C2 A3 0 A3 ⊕ C2
(I∗s2 ,so(12)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
C2 A3 A1 A1 ⊕A3 ⊕ C2
(I∗s2 ,so(12)) (Ins9 ,sp(4)) (I∗s2 ,so(12))
C2 A2 A1 A1 ⊕A2 ⊕ C2
(so(12)) (sp(4)) (so(12))
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C2 A3 A1 A1 ⊕A3 ⊕ C2
(I∗s2 ,so(12)) (Ins10 ,sp(5)) (I∗s2 ,so(12))
A1 A5 0 A1 ⊕A5
(I∗s2 ,so(12)) (I2,su(2)) (I∗ns0 ,g2)
C5 0 0 C5
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C5 0 0 C5
(so(12)) (su(2)) (g2)
C5 0 0 C5
(I∗s2 ,so(12)) (I2,su(2)) (I∗ss0 ,so(7))
C5 0 A1 A1 ⊕ C5
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C5 0 A1 A1 ⊕ C5
(so(12)) (su(2)) (so(7))
C5 0 A1 A1 ⊕ C5






(I∗ns3 ,so(13)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
C3 0 A1 A1 ⊕ C3
(I∗ns3 ,so(13)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
C3 0 A1 A1 ⊕ C3
(so(13)) (sp(2)) (so(10))
C3 0 A1 A1 ⊕ C3
(I∗ns3 ,so(13)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
C3 0 C2 C2 ⊕ C3
(I∗ns3 ,so(13)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
C3 0 0 C3
(I∗ns3 ,so(13)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
C3 0 0 C3
(I∗ns3 ,so(13)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
C3 0 0 C3
(so(13)) (sp(2)) (so(9))
C3 0 0 C3
(I∗ns3 ,so(13)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
C2 A1 0 A1 ⊕ C2
(I∗ns3 ,so(13)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
C2 0 A1 A1 ⊕ C2
(I∗ns3 ,so(13)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))
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C2 A1 A1 A
2
1 ⊕ C2
(I∗ns3 ,so(13)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
C2 0 C2 C
2
2
(I∗ns3 ,so(13)) (Ins7 ,sp(3)) (I∗s2 ,so(12))




C2 0 C2 C
2
2
(I∗ns3 ,so(13)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
A1 A2 0 A1 ⊕A2
(I∗ns3 ,so(13)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
A1 A3 0 A1 ⊕A3
(so(13)) (sp(4)) (so(11))
A1 A3 0 A1 ⊕A3
(I∗ns3 ,so(13)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
A1 A2 A1 A
2
1 ⊕A2
(I∗ns3 ,so(13)) (Ins9 ,sp(4)) (I∗s2 ,so(12))




A1 A2 A1 A
2
1 ⊕A2
(I∗ns3 ,so(13)) (Ins10 ,sp(5)) (I∗s2 ,so(12))
0 A4 0 A4
(I∗ns3 ,so(13)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C4 0 0 C4
(I∗ns3 ,so(13)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C4 0 A1 A1 ⊕ C4
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2)
A1 ⊕ C4 0 A1 A21 ⊕ C4
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2)
A1 ⊕ C4 0 A1 A21 ⊕ C4
(so(7)) (n0) (g2)
A1 ⊕ C4 0 A1 A21 ⊕ C4
(I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7))
A1 ⊕ C4 0 C2 A1 ⊕ C2 ⊕ C4
(I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7))
A1 ⊕ C4 0 C2 A1 ⊕ C2 ⊕ C4
(so(7)) (n0) (so(7))
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A1 ⊕ C4 0 C2 A1 ⊕ C2 ⊕ C4
(I∗ss0 ,so(7)) (I0,n0) (I∗s0 ,so(8))
A1 ⊕ C4 0 A31 A41 ⊕ C4
(I∗ss0 ,so(7)) (I1,n0) (I∗s0 ,so(8))
A1 ⊕ C4 0 A21 A31 ⊕ C4
(so(7)) (n0) (so(8))
A1 ⊕ C4 0 A31 A41 ⊕ C4
(I∗ss0 ,so(7)) (I0,n0) (IVs,su(3))
A1 ⊕ C4 0 0 A1 ⊕ C4
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
A1 ⊕ C2 A2 A1 A21 ⊕A2 ⊕ C2
(I∗ss0 ,so(7)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
A1 ⊕ C2 A2 A1 A21 ⊕A2 ⊕ C2
(so(7)) (sp(2)) (so(10))
A1 ⊕ C2 A2 A1 A21 ⊕A2 ⊕ C2
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
A1 ⊕ C2 A1 C2 A21 ⊕ C22
(I∗ss0 ,so(7)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
A1 ⊕ C2 A2 C2 A1 ⊕A2 ⊕ C22
(so(7)) (sp(2)) (so(11))
A1 ⊕ C2 A2 C2 A1 ⊕A2 ⊕ C22
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
A1 ⊕ C2 A1 C3 A21 ⊕ C2 ⊕ C3
(I∗ss0 ,so(7)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
A1 ⊕ C2 A1 C3 A21 ⊕ C2 ⊕ C3
(so(7)) (sp(2)) (so(12))
A1 ⊕ C2 A1 C3 A21 ⊕ C2 ⊕ C3
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
A1 ⊕ C2 A3 0 A1 ⊕A3 ⊕ C2
(I∗ss0 ,so(7)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
A1 ⊕ C2 A2 0 A1 ⊕A2 ⊕ C2
(I∗ss0 ,so(7)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
A1 ⊕ C2 A3 0 A1 ⊕A3 ⊕ C2
(so(7)) (sp(2)) (so(9))
A1 ⊕ C2 A3 0 A1 ⊕A3 ⊕ C2
(I∗ss0 ,so(7)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
A21 A4 0 A
2
1 ⊕A4
(I∗ss0 ,so(7)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
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A21 A3 A1 A
3
1 ⊕A3
(I∗ss0 ,so(7)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))




A21 A4 A1 A
3
1 ⊕A4
(I∗ss0 ,so(7)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
A21 A3 C2 A
2
1 ⊕A3 ⊕ C2
(I∗ss0 ,so(7)) (Ins7 ,sp(3)) (I∗s2 ,so(12))
A21 A3 C2 A
2
1 ⊕A3 ⊕ C2
(so(7)) (sp(3)) (so(12))
A21 A3 C2 A
2
1 ⊕A3 ⊕ C2
(I∗ss0 ,so(7)) (Ins8 ,sp(4)) (I∗ns2 ,so(11))
A1 A5 0 A1 ⊕A5
(I∗ss0 ,so(7)) (Ins9 ,sp(4)) (I∗ns2 ,so(11))
A1 A6 0 A1 ⊕A6
(so(7)) (sp(4)) (so(11))
A1 A6 0 A1 ⊕A6
(I∗ss0 ,so(7)) (Ins8 ,sp(4)) (I∗s2 ,so(12))
A1 A5 A1 A
2
1 ⊕A5
(I∗ss0 ,so(7)) (Ins9 ,sp(4)) (I∗s2 ,so(12))




A1 A5 A1 A
2
1 ⊕A5
(I∗ss0 ,so(7)) (III,su(2)) (I∗ns0 ,g2)
C4 A1 0 A1 ⊕ C4
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns0 ,g2)
C4 A1 0 A1 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C4 A2 0 A2 ⊕ C4
(so(7)) (su(2)) (g2)
C4 A2 0 A2 ⊕ C4
(I∗ss0 ,so(7)) (I2,su(2)) (I∗s1 ,so(10))
C4 0 C2 C2 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s1 ,so(10))
C4 0 C2 C2 ⊕ C4
(so(7)) (su(2)) (so(10))
C4 0 C2 C2 ⊕ C4
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns2 ,so(11))
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C4 0 C3 C3 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
C4 0 C3 C3 ⊕ C4
(so(7)) (su(2)) (so(11))
C4 0 C3 C3 ⊕ C4
(I∗ss0 ,so(7)) (I2,su(2)) (I∗s2 ,so(12))
C4 0 C4 C
2
4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s2 ,so(12))




C4 0 C4 C
2
4
(I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7))
C4 A1 A1 A
2
1 ⊕ C4
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7))
C4 A1 A1 A
2
1 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7))
C4 A2 A1 A1 ⊕A2 ⊕ C4
(so(7)) (su(2)) (so(7))
C4 A2 A1 A1 ⊕A2 ⊕ C4






(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗s0 ,so(8))









(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns1 ,so(9))
C4 0 A1 A1 ⊕ C4
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns1 ,so(9))




C4 A1 A1 A
2
1 ⊕ C4
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2)
A21 ⊕ C22 0 A1 A31 ⊕ C22
(I∗s0 ,so(8)) (I0,n0) (I∗ss0 ,so(7))
A21 ⊕ C22 0 C2 A21 ⊕ C32
(I∗s0 ,so(8)) (I1,n0) (I∗ss0 ,so(7))
A1 ⊕ C22 0 C2 A1 ⊕ C32
(so(8)) (n0) (so(7))
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A21 ⊕ C22 0 C2 A21 ⊕ C32
(I∗s0 ,so(8)) (I0,n0) (I∗s0 ,so(8))
A21 ⊕ C22 0 A31 A51 ⊕ C22
(I∗s0 ,so(8)) (I0,n0) (IVs,su(3))
A21 ⊕ C22 0 0 A21 ⊕ C22
(I∗s0 ,so(8)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
A21 ⊕ C2 A2 A1 A31 ⊕A2 ⊕ C2
(I∗s0 ,so(8)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
A1 ⊕ C2 A1 A1 A31 ⊕ C2
(so(8)) (sp(2)) (so(10))
A21 ⊕ C2 A2 A1 A31 ⊕A2 ⊕ C2
(I∗s0 ,so(8)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
A21 ⊕ C2 A1 C2 A31 ⊕ C22
(I∗s0 ,so(8)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))
A1 ⊕ C2 A1 C2 A21 ⊕ C22
(so(8)) (sp(2)) (so(11))
A21 ⊕ C2 A1 C2 A31 ⊕ C22
(I∗s0 ,so(8)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
A21 ⊕ C2 A1 C3 A31 ⊕ C2 ⊕ C3
(I∗s0 ,so(8)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
A1 ⊕ C2 0 C3 A1 ⊕ C2 ⊕ C3
(so(8)) (sp(2)) (so(12))
A21 ⊕ C2 A1 C3 A31 ⊕ C2 ⊕ C3
(I∗s0 ,so(8)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
A21 ⊕ C2 A3 0 A21 ⊕A3 ⊕ C2
(I∗s0 ,so(8)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
A21 ⊕ C2 A2 0 A21 ⊕A2 ⊕ C2
(I∗s0 ,so(8)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
A1 ⊕ C2 A2 0 A1 ⊕A2 ⊕ C2
(so(8)) (sp(2)) (so(9))
A21 ⊕ C2 A2 0 A21 ⊕A2 ⊕ C2
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns0 ,g2)
A1 ⊕ C22 A1 0 A21 ⊕ C22
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C22 A1 0 A1 ⊕ C22
(so(8)) (su(2)) (g2)
A1 ⊕ C22 A1 0 A21 ⊕ C22
(I∗s0 ,so(8)) (I2,su(2)) (I∗s1 ,so(10))
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A1 ⊕ C22 0 C2 A1 ⊕ C32
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗s1 ,so(10))




A1 ⊕ C22 0 C2 A1 ⊕ C32
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns2 ,so(11))
A1 ⊕ C22 0 C3 A1 ⊕ C22 ⊕ C3
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns2 ,so(11))




A1 ⊕ C22 0 C3 A1 ⊕ C22 ⊕ C3
(I∗s0 ,so(8)) (I2,su(2)) (I∗s2 ,so(12))
A1 ⊕ C22 0 C4 A1 ⊕ C22 ⊕ C4
(I∗s0 ,so(8)) (I2,su(2)) (I∗ss0 ,so(7))
A1 ⊕ C22 A1 A1 A31 ⊕ C22
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ss0 ,so(7))




A1 ⊕ C22 A1 A1 A31 ⊕ C22
(I∗s0 ,so(8)) (I2,su(2)) (I∗s0 ,so(8))
A1 ⊕ C22 A1 A21 A41 ⊕ C22
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗s0 ,so(8))
C22 0 A1 A1 ⊕ C22
(so(8)) (su(2)) (so(8))
A1 ⊕ C22 A1 A21 A41 ⊕ C22
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns1 ,so(9))
A1 ⊕ C22 0 A1 A21 ⊕ C22
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns1 ,so(9))
C22 0 A1 A1 ⊕ C22
(so(8)) (su(2)) (so(9))
A1 ⊕ C22 0 A1 A21 ⊕ C22
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2)
C3 0 A1 A1 ⊕ C3
(I∗ns1 ,so(9)) (I0,n0) (IVs,su(3))
C3 0 0 C3
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗s1 ,so(10))
A1 A1 A1 A
3
1
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗s1 ,so(10))
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A1 A1 A1 A
3
1
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗ns2 ,so(11))
A1 0 C2 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗ns2 ,so(11))




A1 A1 C2 A
2
1 ⊕ C2
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗s2 ,so(12))
A1 0 C3 A1 ⊕ C3
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗s2 ,so(12))
A1 0 C3 A1 ⊕ C3
(so(9)) (sp(2)) (so(12))
A1 0 C3 A1 ⊕ C3
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗ss0 ,so(7))
A1 A2 0 A1 ⊕A2
(I∗ns1 ,so(9)) (Ins4 ,sp(2)) (I∗ns1 ,so(9))
A1 A1 0 A
2
1
(I∗ns1 ,so(9)) (Ins5 ,sp(2)) (I∗ns1 ,so(9))
A1 A2 0 A1 ⊕A2
(so(9)) (sp(2)) (so(9))
A1 A2 0 A1 ⊕A2
(I∗ns1 ,so(9)) (Ins6 ,sp(3)) (I∗s1 ,so(10))
0 A3 0 A3
(I∗ns1 ,so(9)) (Ins6 ,sp(3)) (I∗ns2 ,so(11))
0 A2 A1 A1 ⊕A2
(I∗ns1 ,so(9)) (Ins7 ,sp(3)) (I∗ns2 ,so(11))
0 A3 A1 A1 ⊕A3
(so(9)) (sp(3)) (so(11))
0 A3 A1 A1 ⊕A3
(I∗ns1 ,so(9)) (Ins6 ,sp(3)) (I∗s2 ,so(12))
0 A2 C2 A2 ⊕ C2
(I∗ns1 ,so(9)) (Ins7 ,sp(3)) (I∗s2 ,so(12))
0 A2 C2 A2 ⊕ C2
(so(9)) (sp(3)) (so(12))
0 A2 C2 A2 ⊕ C2
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ns0 ,g2)
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C2 0 0 C2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns0 ,g2)
C2 A1 0 A1 ⊕ C2
(so(9)) (su(2)) (g2)
C2 A1 0 A1 ⊕ C2
(I∗ns1 ,so(9)) (I2,su(2)) (I∗s1 ,so(10))
C2 0 C2 C
2
2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗s1 ,so(10))




C2 0 C2 C
2
2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns2 ,so(11))
C2 0 C3 C2 ⊕ C3
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ss0 ,so(7))
C2 0 A1 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ss0 ,so(7))




C2 A1 A1 A
2
1 ⊕ C2






(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗s0 ,so(8))







(I∗ns1 ,so(9)) (I2,su(2)) (I∗ns1 ,so(9))
C2 0 A1 A1 ⊕ C2
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns1 ,so(9))
C2 0 A1 A1 ⊕ C2
(so(9)) (su(2)) (so(9))












A10 0 0 A10
(su(10)) (sp(4)) (so(11))

























A13 0 0 A13
(III,su(2)) (I0,n0) (IV
∗s,e6)
B3 0 0 B3
(IVns,su(2)) (I0,n0) (IV
∗s,e6)
A1 ⊕A2 0 0 A1 ⊕A2
g2 0 0 g2
(I2,su(2)) (I0,n0) (IV
∗s,e6)
A3 0 0 A3
(su(2)) (n0) (e6)
B3 0 0 B3
A1 ⊕A2 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (III
∗,e7)
B3 0 0 B3
(I2,su(2)) (I0,n0) (III
∗,e7)
A3 0 0 A3
(su(2)) (n0) (e7)
B3 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4)
B3 0 0 B3
(III,su(2)) (II,n0) (IV
∗ns,f4)
A1 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4)
g2 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4)
A1 ⊕A2 0 0 A1 ⊕A2
g2 0 0 g2
(I2,su(2)) (I0,n0) (IV
∗ns,f4)
A3 0 0 A3
(I2,su(2)) (I1,n0) (IV
∗ns,f4)
A2 0 0 A2
(su(2)) (n0) (f4)
B3 0 0 B3
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A1 ⊕A2 0 A1 A21 ⊕A2


















A3 A3 A1 A1 ⊕A23












A1 ⊕A2 0 C3 A1 ⊕A2 ⊕ C3












A2 A1 C3 A1 ⊕A2 ⊕ C3
(su(2)) (n0) (so(10))
A3 A2 C3 A2 ⊕A3 ⊕ C3





















A2 0 C4 A2 ⊕ C4
(su(2)) (n0) (so(11))
A3 A1 C4 A1 ⊕A3 ⊕ C4








A3 A1 C5 A1 ⊕A3 ⊕ C5
(su(2)) (n0) (so(12))
A3 A1 C5 A1 ⊕A3 ⊕ C5


















A1 ⊕A2 0 C2 A1 ⊕A2 ⊕ C2


















A2 A1 ⊕A2 C2 A1 ⊕A22 ⊕ C2
(su(2)) (n0) (so(7))
A3 A3 C2 A
2
3 ⊕ C2
A2 A1 ⊕A2 C2 A1 ⊕A22 ⊕ C2




















































































A1 ⊕A2 0 C2 A1 ⊕A2 ⊕ C2




















1 ⊕A2 ⊕ C2
(su(2)) (n0) (so(9))
A3 A2 C2 A2 ⊕A3 ⊕ C2
B3 A1 C2 A1 ⊕B3 ⊕ C2
(III,su(2)) (I0,n0) (IV
s,su(3))
B3 A3 0 A3 ⊕B3




A1 ⊕A2 A2 0 A1 ⊕A22






g2 A2 0 A2 ⊕ g2
(I2,su(2)) (I0,n0) (IV
s,su(3))






A3 A4 0 A3 ⊕A4
(su(2)) (n0) (su(3))






A3 A4 0 A3 ⊕A4
B3 A3 0 A3 ⊕B3
B3 A1 ⊕A2 0 A1 ⊕A2 ⊕B3
(III,su(2)) (Ins4 ,sp(2)) (I
∗s
1 ,so(10))






0 D5 A1 A1 ⊕D5
(su(2)) (sp(2)) (so(10))
0 D5 A1 A1 ⊕D5
(III,su(2)) (Ins4 ,sp(2)) (I
∗ns
2 ,so(11))






0 D4 C2 C2 ⊕D4
(su(2)) (sp(2)) (so(11))
0 D4 C2 C2 ⊕D4
(III,su(2)) (Ins4 ,sp(2)) (I
∗s
2 ,so(12))






0 D4 C3 C3 ⊕D4
(su(2)) (sp(2)) (so(12))
0 D4 C3 C3 ⊕D4
(III,su(2)) (Ins4 ,sp(2)) (I
∗ss
0 ,so(7))






0 D6 0 D6
(su(2)) (sp(2)) (so(7))
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0 D6 0 D6
(III,su(2)) (Ins4 ,sp(2)) (I
∗ns
1 ,so(9))






0 D5 0 D5
(su(2)) (sp(2)) (so(9))
0 D5 0 D5
(III,su(2)) (III,su(2)) (I∗ns0 ,g2)
A1 B3 0 A1 ⊕B3
(III,su(2)) (IVns,su(2)) (I∗ns0 ,g2)




A1 A2 0 A1 ⊕A2
(III,su(2)) (Ins3 ,su(2)) (I
∗ns
0 ,g2)
0 A2 0 A2
(IVns,su(2)) (III,su(2)) (I∗ns0 ,g2)
0 A1 0 A1
(IVns,su(2)) (IVns,su(2)) (I∗ns0 ,g2)




A1 A1 0 A
2
1
(IVns,su(2)) (Ins3 ,su(2)) (I
∗ns
0 ,g2)










0 B4 0 B4
(su(2)) (su(2)) (g2)
A1 D4 0 A1 ⊕D4




A1 A1 C2 A
2
1 ⊕ C2
(III,su(2)) (Ins3 ,su(2)) (I
∗s
1 ,so(10))




A1 0 C2 A1 ⊕ C2
(IVns,su(2)) (Ins3 ,su(2)) (I
∗s
1 ,so(10))











0 A1 C2 A1 ⊕ C2
(su(2)) (su(2)) (so(10))




A1 0 C3 A1 ⊕ C3
(III,su(2)) (Ins3 ,su(2)) (I
∗ns
2 ,so(11))




A1 0 C3 A1 ⊕ C3
(IVns,su(2)) (Ins3 ,su(2)) (I
∗ns
2 ,so(11))












0 A1 C3 A1 ⊕ C3
(su(2)) (su(2)) (so(11))






A1 0 C4 A1 ⊕ C4
(III,su(2)) (Ins3 ,su(2)) (I
∗s
2 ,so(12))
















0 0 C4 C4
(su(2)) (su(2)) (so(12))
A1 A1 C4 A
2
1 ⊕ C4
(III,su(2)) (III,su(2)) (I∗ss0 ,so(7))






A1 A2 A1 A
2
1 ⊕A2
(III,su(2)) (Ins3 ,su(2)) (I
∗ss
0 ,so(7))
0 A2 A1 A1 ⊕A2
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(IVns,su(2)) (III,su(2)) (I∗ss0 ,so(7))






A1 A1 A1 A
3
1
(IVns,su(2)) (Ins3 ,su(2)) (I
∗ss
0 ,so(7))














0 B4 A1 A1 ⊕B4
(su(2)) (su(2)) (so(7))
A1 D4 A1 A
2
1 ⊕D4









(III,su(2)) (Ins3 ,su(2)) (I
∗s
0 ,so(8))











(IVns,su(2)) (Ins3 ,su(2)) (I
∗s
0 ,so(8))
























A1 A1 A1 A
3
1
(III,su(2)) (Ins3 ,su(2)) (I
∗ns
1 ,so(9))






A1 0 A1 A
2
1
(IVns,su(2)) (Ins3 ,su(2)) (I
∗ns
1 ,so(9))













0 B3 A1 A1 ⊕B3
(su(2)) (su(2)) (so(9))
0 B3 A1 A1 ⊕B3





A22 0 0 A
2
2
C2 0 0 C2
(Is3,su(3)) (I0,n0) (IV
∗s,e6)
A5 0 0 A5
(su(3)) (n0) (e6)
A5 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗ns,f4)
A22 0 0 A
2
2
C2 0 0 C2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4)
A5 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4)
A4 0 0 A4
(su(3)) (n0) (f4)




A22 0 A1 A1 ⊕A22










A4 0 A1 A1 ⊕A4
(su(3)) (n0) (g2)






A22 0 C3 A
2
2 ⊕ C3




A5 A1 C3 A1 ⊕A5 ⊕ C3
(su(3)) (n0) (so(10))


























1 ⊕A4 ⊕ C2
A4 A2 C2 A2 ⊕A4 ⊕ C2
(su(3)) (n0) (so(7))





1 ⊕A4 ⊕ C2




















































A22 0 C2 A
2
2 ⊕ C2














A4 0 C2 A4 ⊕ C2
(su(3)) (n0) (so(9))
A5 A1 C2 A1 ⊕A5 ⊕ C2
(IVs,su(3)) (I0,n0) (IV
s,su(3))














C2 A2 0 A2 ⊕ C2
(Is3,su(3)) (I0,n0) (IV
s,su(3))
A5 A3 0 A3 ⊕A5
A5 A1 ⊕A2 0 A1 ⊕A2 ⊕A5
(su(3)) (n0) (su(3))
A5 A3 0 A3 ⊕A5
A5 A1 ⊕A2 0 A1 ⊕A2 ⊕A5
(IVs,su(3)) (Ins4 ,sp(2)) (I
∗s
1 ,so(10))














0 B3 A1 A1 ⊕B3
(su(3)) (sp(2)) (so(10))
A1 D4 A1 A
2
1 ⊕D4
(IVs,su(3)) (Ins4 ,sp(2)) (I
∗ns
2 ,so(11))












0 B3 C2 B3 ⊕ C2
(su(3)) (sp(2)) (so(11))
0 B3 C2 B3 ⊕ C2
A1 A2 C2 A1 ⊕A2 ⊕ C2
(IVs,su(3)) (Ins4 ,sp(2)) (I
∗s
2 ,so(12))












0 A1 C3 A1 ⊕ C3
(su(3)) (sp(2)) (so(12))
A1 A2 C3 A1 ⊕A2 ⊕ C3
(IVs,su(3)) (Ins4 ,sp(2)) (I
∗ss
0 ,so(7))






A1 D5 0 A1 ⊕D5
(su(3)) (sp(2)) (so(7))
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A1 D5 0 A1 ⊕D5
(IVs,su(3)) (Ins4 ,sp(2)) (I
∗ns
1 ,so(9))












0 B4 0 B4
(su(3)) (sp(2)) (so(9))
A1 D4 0 A1 ⊕D4


















0 D5 C2 C2 ⊕D5
(IVs,su(3)) (III,su(2)) (I∗ns0 ,g2)
A2 A1 0 A1 ⊕A2
(IVs,su(3)) (IVns,su(2)) (I∗ns0 ,g2)




A2 A1 0 A1 ⊕A2
(IVs,su(3)) (Ins3 ,su(2)) (I
∗ns
0 ,g2)










A2 B3 0 A2 ⊕B3
(su(3)) (su(2)) (g2)




A2 0 C2 A2 ⊕ C2
(IVs,su(3)) (Ins3 ,su(2)) (I
∗s
1 ,so(10))










A2 0 C2 A2 ⊕ C2
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(su(3)) (su(2)) (so(10))




A2 0 C3 A2 ⊕ C3
(IVs,su(3)) (Ins3 ,su(2)) (I
∗ns
2 ,so(11))










A2 0 C3 A2 ⊕ C3
(su(3)) (su(2)) (so(11))














A2 0 C4 A2 ⊕ C4
(su(3)) (su(2)) (so(12))
A3 0 C4 A3 ⊕ C4
(IVs,su(3)) (III,su(2)) (I∗ss0 ,so(7))






A2 A1 A1 A
2
1 ⊕A2
(IVs,su(3)) (Ins3 ,su(2)) (I
∗ss
0 ,so(7))












A2 B3 A1 A1 ⊕A2 ⊕B3
(su(3)) (su(2)) (so(7))









(IVs,su(3)) (Ins3 ,su(2)) (I
∗s
0 ,so(8))



























A2 0 A1 A1 ⊕A2
(IVs,su(3)) (Ins3 ,su(2)) (I
∗ns
1 ,so(9))




























A6 0 A1 A1 ⊕A6
(su(4)) (n0) (g2)














A6 0 C2 A6 ⊕ C2
(su(4)) (n0) (so(7))

















































A2 A1 C2 A1 ⊕A2 ⊕ C2
(su(4)) (sp(2)) (so(11))












A2 0 C3 A2 ⊕ C3
(su(4)) (sp(2)) (so(12))


















A2 B3 0 A2 ⊕B3
(su(4)) (sp(2)) (so(9))




















0 B4 A1 A1 ⊕B4
(su(4)) (sp(3)) (so(11))
A1 D4 A1 A
2
1 ⊕D4












0 B3 C2 B3 ⊕ C2
(su(4)) (sp(3)) (so(12))























A4 A1 0 A1 ⊕A4
(su(4)) (su(2)) (g2)










A4 0 C2 A4 ⊕ C2
(su(4)) (su(2)) (so(10))










A4 0 C3 A4 ⊕ C3
(su(4)) (su(2)) (so(11))





















































A4 0 A1 A1 ⊕A4
(su(4)) (su(2)) (so(9))
A5 0 A1 A1 ⊕A5
(Is5,su(5)) (I0,n0) (IV
s,su(3))














A4 0 A1 A1 ⊕A4
(su(5)) (sp(2)) (so(10))














A4 0 C2 A4 ⊕ C2
(su(5)) (sp(2)) (so(11))












A4 0 C3 A4 ⊕ C3
(su(5)) (sp(2)) (so(12))


















A4 A1 0 A1 ⊕A4
(su(5)) (sp(2)) (so(9))


















A2 B3 A1 A1 ⊕A2 ⊕B3
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(su(5)) (sp(3)) (so(11))












A2 A1 C2 A1 ⊕A2 ⊕ C2
(su(5)) (sp(3)) (so(12))












0 B5 0 B5
(su(5)) (sp(4)) (so(11))
A1 D5 0 A1 ⊕D5














0 B4 A1 A1 ⊕B4
(su(5)) (sp(4)) (so(12))


















A6 0 0 A6
(su(5)) (su(2)) (g2)














A6 0 A1 A1 ⊕A6
(su(5)) (su(2)) (so(7))































A6 0 A1 A1 ⊕A6
(su(5)) (su(2)) (so(9))
A7 0 A1 A1 ⊕A7
(Is6,su(6)) (I0,n0) (IV
s,su(3))












A6 0 A1 A1 ⊕A6
(su(6)) (sp(2)) (so(10))












A6 0 C2 A6 ⊕ C2
(su(6)) (sp(2)) (so(11))
























A6 0 0 A6
(su(6)) (sp(2)) (so(9))







































A4 0 C2 A4 ⊕ C2
(su(6)) (sp(3)) (so(12))












A2 B4 0 A2 ⊕B4
(su(6)) (sp(4)) (so(11))
A3 D4 0 A3 ⊕D4












A2 B3 A1 A1 ⊕A2 ⊕B3
(su(6)) (sp(4)) (so(12))
















A8 0 0 A8
(su(6)) (su(2)) (g2)










A8 0 A1 A1 ⊕A8
(su(6)) (su(2)) (so(7))

































A8 0 0 A8
(su(7)) (sp(2)) (so(9))


















A6 0 A1 A1 ⊕A6
(su(7)) (sp(3)) (so(11))












A6 0 C2 A6 ⊕ C2
(su(7)) (sp(3)) (so(12))












A4 B3 0 A4 ⊕B3
(su(7)) (sp(4)) (so(11))
A5 A2 0 A2 ⊕A5















































A8 0 A1 A1 ⊕A8
(su(8)) (sp(3)) (so(11))


















A6 A1 0 A1 ⊕A6
(su(8)) (sp(4)) (so(11))














A6 0 A1 A1 ⊕A6
(su(8)) (sp(4)) (so(12))


























A8 0 0 A8
(su(9)) (sp(4)) (so(11))













A8 0 A1 A1 ⊕A8
(su(9)) (sp(4)) (so(12))






A7 A2 0 A2 ⊕A7
3 2 1 3 GS Total:
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
0
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗ns0 ,g2)
0 0 A2 A1 A1 ⊕A2
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (I∗ns0 ,g2)
0 0 0 A1 A1
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I∗ns0 ,g2)
0 0 A1 A1 A
2
1
(g2) (su(2)) (n0) (g2)
0 0 A2 A1 A1 ⊕A2
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗s1 ,so(10))
0 0 A1 C3 A1 ⊕ C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (I∗s1 ,so(10))
0 0 0 C3 C3
(I∗ns0 ,g2) (IVns,su(2)) (I1,n0) (I∗s1 ,so(10))
0 0 0 C3 C3
(g2) (su(2)) (n0) (so(10))
0 0 A1 C3 A1 ⊕ C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗ns2 ,so(11))
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0 0 0 C4 C4
(I∗ns0 ,g2) (IVns,su(2)) (I1,n0) (I∗ns2 ,so(11))
0 0 0 C4 C4
(g2) (su(2)) (n0) (so(11))
0 0 0 C4 C4
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗s2 ,so(12))
0 0 0 C5 C5
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗ss0 ,so(7))
0 0 A2 C2 A2 ⊕ C2
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I∗ss0 ,so(7))
0 0 0 C2 C2
(I∗ns0 ,g2) (IVns,su(2)) (I1,n0) (I∗ss0 ,so(7))
0 0 A1 C2 A1 ⊕ C2
(g2) (su(2)) (n0) (so(7))
0 0 A2 C2 A2 ⊕ C2
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗s0 ,so(8))





(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (I∗s0 ,so(8))
0 0 0 A31 A
3
1
(I∗ns0 ,g2) (IVns,su(2)) (I1,n0) (I∗s0 ,so(8))
0 0 0 A21 A
2
1
(g2) (su(2)) (n0) (so(8))





(I∗ns0 ,g2) (III,su(2)) (I0,n0) (I∗ns1 ,so(9))
0 0 A1 C2 A1 ⊕ C2
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (I∗ns1 ,so(9))
0 0 0 C2 C2
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (I∗ns1 ,so(9))
0 0 0 C2 C2
(I∗ns0 ,g2) (IVns,su(2)) (I1,n0) (I∗ns1 ,so(9))
0 0 0 C2 C2
(g2) (su(2)) (n0) (so(9))
0 0 A1 C2 A1 ⊕ C2
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IVs,su(3))
0 0 A3 0 A3
0 0 A1 ⊕A2 0 A1 ⊕A2
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(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IVs,su(3))
0 0 A21 0 A
2
1
0 0 A2 0 A2
(g2) (su(2)) (n0) (su(3))
0 0 A3 0 A3
0 0 A1 ⊕A2 0 A1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗ns0 ,g2)
A1 0 A2 A1 A
2
1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗s1 ,so(10))
A1 0 A1 C3 A
2
1 ⊕ C3
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗ns2 ,so(11))
A1 0 0 C4 A1 ⊕ C4
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗s2 ,so(12))
A1 0 0 C5 A1 ⊕ C5
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗ss0 ,so(7))
A1 0 A2 C2 A1 ⊕A2 ⊕ C2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗s0 ,so(8))





(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (I∗ns1 ,so(9))
A1 0 A1 C2 A
2
1 ⊕ C2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IVs,su(3))
A1 0 A3 0 A1 ⊕A3
A1 0 A1 ⊕A2 0 A21 ⊕A2
2 1 5 1 2 3 GS Total:
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
C4 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
C4 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
C4 0 0 0 0 0 C4
(g2) (n0) (f4) (n0) (su(2)) (g2)
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C4 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
C4 0 0 0 0 A1 A1 ⊕ C4
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0 A2 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A2 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)




∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)




∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(2)) (g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 A2 0 0 0 A1 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A1 A2 0 0 0 A1 A
2
1 ⊕A2
(n0) (n0) (e6) (n0) (su(2)) (so(7))




∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(II,n0) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(I1,n0) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 A1 0 0 0 0 A
2
1
(n0) (n0) (e7) (n0) (su(2)) (g2)




∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
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A1 A1 0 0 0 A1 A
3
1
(n0) (n0) (e7) (n0) (su(2)) (so(7))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0 A2 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A2 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A2 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)




∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)




∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(I1,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(2)) (g2)
A1 A2 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 A2 0 0 0 A1 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
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∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
0 A1 0 0 0 A1 A
2
1
(n0) (n0) (f4) (n0) (su(2)) (so(7))




∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A3 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A3 0 0 0 0 0 A3
(su(2)) (n0) (e6) (n0) (su(2)) (g2)
B3 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
B3 0 0 0 0 A1 A1 ⊕B3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A1 ⊕A2 0 0 0 0 A1 A21 ⊕A2
g2 0 0 0 0 A1 A1 ⊕ g2
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A3 0 0 0 0 A1 A1 ⊕A3
(su(2)) (n0) (e6) (n0) (su(2)) (so(7))
B3 0 0 0 0 A1 A1 ⊕B3
A1 ⊕A2 0 0 0 0 A1 A21 ⊕A2
(III,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
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(I2,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A3 0 0 0 0 0 A3
(su(2)) (n0) (e7) (n0) (su(2)) (g2)
B3 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
B3 0 0 0 0 A1 A1 ⊕B3
(I2,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A3 0 0 0 0 A1 A1 ⊕A3
(su(2)) (n0) (e7) (n0) (su(2)) (so(7))
B3 0 0 0 0 A1 A1 ⊕B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
B3 0 0 0 0 0 B3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
g2 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
g2 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
g2 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 g2
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
425
A3 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A3 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A3 0 0 0 0 0 A3
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A2 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A2 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A2 0 0 0 0 0 A2
(su(2)) (n0) (f4) (n0) (su(2)) (g2)
B3 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
B3 0 0 0 0 A1 A1 ⊕B3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
g2 0 0 0 0 A1 A1 ⊕ g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A1 ⊕A2 0 0 0 0 A1 A21 ⊕A2
g2 0 0 0 0 A1 A1 ⊕ g2
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A3 0 0 0 0 A1 A1 ⊕A3
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A2 0 0 0 0 A1 A1 ⊕A2
(su(2)) (n0) (f4) (n0) (su(2)) (so(7))
B3 0 0 0 0 A1 A1 ⊕B3
A1 ⊕A2 0 0 0 0 A1 A21 ⊕A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A5 0 0 0 0 0 A5
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(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A5 0 0 0 0 0 A5
(su(3)) (n0) (e6) (n0) (su(2)) (g2)
A5 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A22 0 0 0 0 A1 A1 ⊕A22
C2 0 0 0 0 A1 A1 ⊕ C2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A5 0 0 0 0 A1 A1 ⊕A5
(su(3)) (n0) (e6) (n0) (su(2)) (so(7))
A5 0 0 0 0 A1 A1 ⊕A5
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A22 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 C2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A5 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A5 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A5 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2)
A4 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2)
A4 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2)
A4 0 0 0 0 0 A4
(su(3)) (n0) (f4) (n0) (su(2)) (g2)
A5 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A22 0 0 0 0 A1 A1 ⊕A22
C2 0 0 0 0 A1 A1 ⊕ C2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
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A5 0 0 0 0 A1 A1 ⊕A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7))
A4 0 0 0 0 A1 A1 ⊕A4
(su(3)) (n0) (f4) (n0) (su(2)) (so(7))
A5 0 0 0 0 A1 A1 ⊕A5
2 2 1 5 1 3 GS Total:
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 C3
(g2) (su(2)) (n0) (e6) (n0) (su(3))
C3 0 0 0 0 0 C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 A1 A1 ⊕ C3
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 A1 A1 ⊕ C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 A1 A1 ⊕ C3
(g2) (su(2)) (n0) (f4) (n0) (g2)
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C3 0 0 0 0 A1 A1 ⊕ C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 C3
(g2) (su(2)) (n0) (f4) (n0) (su(3))
C3 0 0 0 0 0 C3
(I0,n0) (I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 0 A2 0 0 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 0 A1 0 0 0 A1
(I1,n0) (I1,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 0 A2 0 0 0 A2
(n0) (n0) (n0) (e6) (n0) (su(3))
0 0 A2 0 0 0 A2
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A2 0 0 A1 A1 ⊕A2
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A1 0 0 A1 A
2
1
(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A2 0 0 A1 A1 ⊕A2
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A1 0 0 A1 A
2
1
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A1 0 0 A1 A
2
1
(n0) (n0) (n0) (f4) (n0) (g2)
0 0 A2 0 0 A1 A1 ⊕A2
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A2 0 0 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A1 0 0 0 A1
(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A2 0 0 0 A2
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A1 0 0 0 A1
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
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0 0 A1 0 0 0 A1
(n0) (n0) (n0) (f4) (n0) (su(3))
0 0 A2 0 0 0 A2
(II,n0) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 A1
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))




0 g2 0 0 0 0 g2
(n0) (su(2)) (n0) (e6) (n0) (su(3))
0 g2 0 0 0 0 g2
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A1 0 0 0 A1 A
2
1
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 A1 A1 ⊕A2
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(II,n0) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 A1 A1 ⊕A2
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)





∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 g2 0 0 0 A1 A1 ⊕ g2
(n0) (su(2)) (n0) (f4) (n0) (g2)
0 g2 0 0 0 A1 A1 ⊕ g2
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 A1
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




0 A2 0 0 0 0 A2
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




0 g2 0 0 0 0 g2
(n0) (su(2)) (n0) (f4) (n0) (su(3))
0 g2 0 0 0 0 g2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
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C4 0 0 0 0 0 C4
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C4 0 0 0 0 A1 A1 ⊕ C4
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C4 0 0 0 0 0 C4
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 C3 0 0 0 A1 A1 ⊕ C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 C3 0 0 0 A1 A1 ⊕ C3
(su(2)) (g2) (n0) (f4) (n0) (g2)
0 C3 0 0 0 A1 A1 ⊕ C3
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 C3 0 0 0 0 C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 C3 0 0 0 0 C3
(su(2)) (g2) (n0) (f4) (n0) (su(3))
0 C3 0 0 0 0 C3
(III,su(2)) (II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A1 0 A1 0 0 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
g2 0 A1 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A2 0 A2 0 0 0 A
2
2
(su(2)) (n0) (n0) (e6) (n0) (su(3))
A2 0 A2 0 0 0 A
2
2
g2 0 A1 0 0 0 A1 ⊕ g2
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 A1 0 0 A1 A
3
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
g2 0 A1 0 0 A1 A
2
1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 0 A2 0 0 A1 A1 ⊕A22
(su(2)) (n0) (n0) (f4) (n0) (g2)
A2 0 A2 0 0 A1 A1 ⊕A22
g2 0 A1 0 0 A1 A
2
1 ⊕ g2
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 A1 0 0 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
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g2 0 A1 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 A2 0 0 0 A
2
2
(su(2)) (n0) (n0) (f4) (n0) (su(3))
A2 0 A2 0 0 0 A
2
2
g2 0 A1 0 0 0 A1 ⊕ g2
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 A
2
1
(su(2)) (su(2)) (n0) (e6) (n0) (su(3))
A1 A1 0 0 0 0 A
2
1
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 A1 A
3
1
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 A1 A
3
1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 0 0 0 A1 A
2
1
(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(IVns,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 0 0 0 A1 A
2
1
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 A1 A1
(su(2)) (su(2)) (n0) (f4) (n0) (g2)
A1 A1 0 0 0 A1 A
3
1
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 A
2
1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 A1
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(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 A1
(su(2)) (su(2)) (n0) (f4) (n0) (su(3))







0 A3 0 0 0 0 A3
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 A2
(su(2)) (su(3)) (n0) (e6) (n0) (su(3))




∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 A1 A1 ⊕A2
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 A1 A1 ⊕A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 A1 A1 ⊕A2
(su(2)) (su(3)) (n0) (f4) (n0) (g2)










0 A2 0 0 0 0 A2
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 A2
(su(2)) (su(3)) (n0) (f4) (n0) (su(3))
0 A3 0 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 A2
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(su(3)) (su(2)) (n0) (e6) (n0) (su(3))
A3 0 0 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 0 0 0 0 A1 A1 ⊕A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A3 0 0 0 0 A1 A1 ⊕A3
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 0 0 0 0 A1 A1 ⊕A2
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A3 0 0 0 0 A1 A1 ⊕A3
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 0 0 0 0 A1 A1 ⊕A2
(su(3)) (su(2)) (n0) (f4) (n0) (g2)
A3 0 0 0 0 A1 A1 ⊕A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 A2
(su(3)) (su(2)) (n0) (f4) (n0) (su(3))





A2 A2 0 0 0 0 A
2
2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A2 A2 0 0 0 0 A
2
2
(su(3)) (su(3)) (n0) (e6) (n0) (su(3))






∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 A1 0 0 0 A1 A
2
1 ⊕A2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 A2 0 0 0 A1 A1 ⊕A22
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(su(3)) (su(3)) (n0) (f4) (n0) (g2)












A2 A1 0 0 0 0 A1 ⊕A2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 A2 0 0 0 0 A
2
2
(su(3)) (su(3)) (n0) (f4) (n0) (su(3))
A2 A2 0 0 0 0 A
2
2
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3))
A5 0 0 0 0 0 A5
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A5 0 0 0 0 A1 A1 ⊕A5
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))









∗ns,f4) (II,n0) (I∗ns0 ,g2)






∗ns,f4) (II,n0) (I∗ns0 ,g2)
A4 0 0 0 0 A1 A1 ⊕A4
(su(4)) (su(3)) (n0) (f4) (n0) (g2)












A4 0 0 0 0 0 A4
(su(4)) (su(3)) (n0) (f4) (n0) (su(3))









∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2)
A6 0 0 0 0 A1 A1 ⊕A6
(su(5)) (su(3)) (n0) (f4) (n0) (g2)











A6 0 0 0 0 0 A6
(su(5)) (su(3)) (n0) (f4) (n0) (su(3))









∗ns,f4) (II,n0) (I∗ns0 ,g2)





A8 0 0 0 0 0 A8
2 3 1 3 1 5 GS Total:
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(III,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 A1 0 0 A1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 A1 0 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 A1 0 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 A1 0 0 A1
(su(2)) (g2) (n0) (g2) (n0) (f4)
0 0 0 A1 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 A1 0 A1 0 0 A
2
1
(III,su(2)) (I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 0 A1 0 0 A1
(su(2)) (so(7)) (n0) (g2) (n0) (f4)




(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0 A1 0 0 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0 A1 0 0 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 A1 0 0 0 A1
(III,su(2)) (I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 A2 0 0 0 A2
(III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4)
0 0 A1 0 0 0 A1
(su(2)) (so(7)) (su(2)) (g2) (n0) (f4)
0 0 A2 0 0 0 A2
3 1 3 2 1 5 GS Total:
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
0




































(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(g2) (n0) (g2) (su(2)) (n0) (e6)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
A1 0 0 0 0 0 A1
(g2) (n0) (g2) (su(2)) (n0) (e7)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(g2) (n0) (g2) (su(2)) (n0) (f4)
A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 A1 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(g2) (n0) (so(7)) (su(2)) (n0) (e6)
A1 0 A1 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)




(I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 0 0 0 0 0 A1
(g2) (n0) (so(7)) (su(2)) (n0) (e7)
A1 0 A1 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 A1 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(g2) (n0) (so(7)) (su(2)) (n0) (f4)
A1 0 A1 0 0 0 A
2
1
(I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
0 A1 0 0 0 0 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
0 A2 0 0 0 0 A2
(I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
0 A1 0 0 0 0 A1
(g2) (su(2)) (so(7)) (su(2)) (n0) (e6)
0 A2 0 0 0 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
0 A1 0 0 0 0 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
0 A2 0 0 0 0 A2
(I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
0 A1 0 0 0 0 A1
(g2) (su(2)) (so(7)) (su(2)) (n0) (e7)
0 A2 0 0 0 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
0 A1 0 0 0 0 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
0 A2 0 0 0 0 A2
(I∗ns0 ,g2) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
0 A1 0 0 0 0 A1
(g2) (su(2)) (so(7)) (su(2)) (n0) (f4)
0 A2 0 0 0 0 A2
(I∗s1 ,so(10)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
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(so(10)) (su(2)) (so(7)) (su(2)) (n0) (e6)
C2 0 0 0 0 0 C2
(I∗s1 ,so(10)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 0 0 0 0 C2
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 0 0 0 0 C2
(so(10)) (su(2)) (so(7)) (su(2)) (n0) (e7)
C2 0 0 0 0 0 C2
(I∗s1 ,so(10)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(so(10)) (su(2)) (so(7)) (su(2)) (n0) (f4)
C2 0 0 0 0 0 C2
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C3 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C3 0 0 0 0 0 C3
(so(11)) (su(2)) (so(7)) (su(2)) (n0) (e6)
C3 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C3 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C3 0 0 0 0 0 C3
(so(11)) (su(2)) (so(7)) (su(2)) (n0) (e7)
C3 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C3 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C3 0 0 0 0 0 C3
(so(11)) (su(2)) (so(7)) (su(2)) (n0) (f4)
C3 0 0 0 0 0 C3
(I∗s2 ,so(12)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C4 0 0 0 0 0 C4
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C4 0 0 0 0 0 C4
(so(12)) (su(2)) (so(7)) (su(2)) (n0) (e6)
C4 0 0 0 0 0 C4
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(I∗s2 ,so(12)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C4 0 0 0 0 0 C4
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C4 0 0 0 0 0 C4
(so(12)) (su(2)) (so(7)) (su(2)) (n0) (e7)
C4 0 0 0 0 0 C4
(I∗s2 ,so(12)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C4 0 0 0 0 0 C4
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C4 0 0 0 0 0 C4
(so(12)) (su(2)) (so(7)) (su(2)) (n0) (f4)
C4 0 0 0 0 0 C4
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(so(7)) (n0) (g2) (su(2)) (n0) (e6)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 0 0 0 0 C2
(so(7)) (n0) (g2) (su(2)) (n0) (e7)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
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(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(so(7)) (n0) (g2) (su(2)) (n0) (f4)
C2 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 A1 0 0 0 A1 ⊕ C2
(so(7)) (n0) (so(7)) (su(2)) (n0) (e6)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 A1 0 0 0 A1 ⊕ C2
(so(7)) (n0) (so(7)) (su(2)) (n0) (e7)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 A1 0 0 0 A1 ⊕ C2
(so(7)) (n0) (so(7)) (su(2)) (n0) (f4)
C2 0 A1 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 A1 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 A2 0 0 0 0 A1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 A1 0 0 0 0 A
2
1
(so(7)) (su(2)) (so(7)) (su(2)) (n0) (e6)
A1 A2 0 0 0 0 A1 ⊕A2
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 A1 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 A2 0 0 0 0 A1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 A1 0 0 0 0 A
2
1
(so(7)) (su(2)) (so(7)) (su(2)) (n0) (e7)
A1 A2 0 0 0 0 A1 ⊕A2
442
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 A1 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 A2 0 0 0 0 A1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 A1 0 0 0 0 A
2
1
(so(7)) (su(2)) (so(7)) (su(2)) (n0) (f4)
A1 A2 0 0 0 0 A1 ⊕A2
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
A31 0 0 0 0 0 A
3
1
(so(8)) (n0) (g2) (su(2)) (n0) (e6)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
A31 0 0 0 0 0 A
3
1
(so(8)) (n0) (g2) (su(2)) (n0) (f4)
A31 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A31 0 A1 0 0 0 A
4
1
(I∗s0 ,so(8)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A21 0 A1 0 0 0 A
3
1
(so(8)) (n0) (so(7)) (su(2)) (n0) (e6)
A31 0 A1 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A31 0 A1 0 0 0 A
4
1
(I∗s0 ,so(8)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A21 0 A1 0 0 0 A
3
1
(so(8)) (n0) (so(7)) (su(2)) (n0) (e7)
A31 0 A1 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)




(I∗s0 ,so(8)) (I1,n0) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A21 0 A1 0 0 0 A
3
1
(so(8)) (n0) (so(7)) (su(2)) (n0) (f4)
A31 0 A1 0 0 0 A
4
1
(I∗s0 ,so(8)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A21 A1 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 A1 0 0 0 0 A
2
1
(so(8)) (su(2)) (so(7)) (su(2)) (n0) (e6)
A21 A1 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A21 A1 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 A1 0 0 0 0 A
2
1
(so(8)) (su(2)) (so(7)) (su(2)) (n0) (e7)
A21 A1 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A21 A1 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 A1 0 0 0 0 A
2
1
(so(8)) (su(2)) (so(7)) (su(2)) (n0) (f4)
A21 A1 0 0 0 0 A
3
1
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗s,e6)
C2 0 0 0 0 0 C2
(so(9)) (n0) (g2) (su(2)) (n0) (e6)
C2 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III∗,e7)
C2 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4)
C2 0 0 0 0 0 C2
(so(9)) (n0) (g2) (su(2)) (n0) (f4)
C2 0 0 0 0 0 C2
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(I∗ns1 ,so(9)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 A1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗s,e6)
A1 A1 0 0 0 0 A
2
1
(so(9)) (su(2)) (so(7)) (su(2)) (n0) (e6)
A1 A1 0 0 0 0 A
2
1
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 0 0 0 0 0 A1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (III∗,e7)
A1 A1 0 0 0 0 A
2
1
(so(9)) (su(2)) (so(7)) (su(2)) (n0) (e7)
A1 A1 0 0 0 0 A
2
1
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 A1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4)
A1 A1 0 0 0 0 A
2
1
(so(9)) (su(2)) (so(7)) (su(2)) (n0) (f4)





0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗s,e6)
0 0 A1 0 0 0 A1
(IVs,su(3)) (I0,n0) (I
∗ss
0 ,so(7)) (III,su(2)) (I0,n0) (III
∗,e7)
0 0 A1 0 0 0 A1
(IVs,su(3)) (I0,n0) (I
∗ss
0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0 0 A1 0 0 0 A1
2 1 5 1 2 3 2 GS Total:
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
C4 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))




∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 A2 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(2)) (so(7)) (su(2))
A1 A2 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 A1 0 0 0 0 0 A1
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(II,n0) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 0 0 0 0 0 0 A1
(I1,n0) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 A1 0 0 0 0 0 A
2
1
(n0) (n0) (e7) (n0) (su(2)) (so(7)) (su(2))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 A2 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))




∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 A2 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 A1 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
0 A1 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(2)) (so(7)) (su(2))
A1 A2 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A3 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (e6) (n0) (su(2)) (so(7)) (su(2))
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(I2,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A3 0 0 0 0 0 0 A3
(III,su(2)) (I0,n0) (III
∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
B3 0 0 0 0 0 0 B3
(su(2)) (n0) (e7) (n0) (su(2)) (so(7)) (su(2))
B3 0 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
B3 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A3 0 0 0 0 0 0 A3
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(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
g2 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A2 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(2)) (so(7)) (su(2))
B3 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A5 0 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(2)) (so(7)) (su(2))
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A5 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A4 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2))
A22 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (su(2)) (so(7)) (su(2))
A5 0 0 0 0 0 0 A5
2 2 1 5 1 3 2 GS Total:
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
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(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVns,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C3 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
C3 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C3 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
C3 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C3 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
C3 0 0 0 0 0 0 C3
(g2) (su(2)) (n0) (f4) (n0) (g2) (su(2))
C3 0 0 0 0 0 0 C3
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A2 0 0 0 0 A2
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 0 A2 0 0 0 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A1 0 0 0 0 A1
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 0 A1 0 0 0 0 A1
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(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A2 0 0 0 0 A2
(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 0 A2 0 0 0 0 A2
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A1 0 0 0 0 A1
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A1 0 0 0 0 A1
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 0 A1 0 0 0 0 A1
(n0) (n0) (n0) (f4) (n0) (g2) (su(2))
0 0 A2 0 0 0 0 A2
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 0 A1
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A1 0 0 0 0 0 A1
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 0 A2
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 0 A2
(II,n0) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 0 A2
(II,n0) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 0 A2
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 0 A1
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A1 0 0 0 0 0 A1
(II,n0) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 g2 0 0 0 0 0 g2
(II,n0) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 g2 0 0 0 0 0 g2
(n0) (su(2)) (n0) (f4) (n0) (g2) (su(2))
0 g2 0 0 0 0 0 g2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C4 0 0 0 0 0 0 C4
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(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
C4 0 0 0 0 0 0 C4
(so(7)) (su(2)) (n0) (f4) (n0) (g2) (su(2))
C4 0 0 0 0 0 0 C4
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 C3 0 0 0 0 0 C3
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 C3 0 0 0 0 0 C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 C3 0 0 0 0 0 C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 C3 0 0 0 0 0 C3
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
0 C3 0 0 0 0 0 C3
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 A1 0 0 0 0 A
2
1
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 0 A1 0 0 0 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
g2 0 A1 0 0 0 0 A1 ⊕ g2
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
g2 0 A1 0 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 0 A2 0 0 0 0 A
2
2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 0 A2 0 0 0 0 A
2
2
(su(2)) (n0) (n0) (f4) (n0) (g2) (su(2))
A2 0 A2 0 0 0 0 A
2
2
g2 0 A1 0 0 0 0 A1 ⊕ g2
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 A1 0 0 0 0 0 A
2
1
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 A1 0 0 0 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 A1 0 0 0 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 A1 0 0 0 0 0 A
2
1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
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A1 0 0 0 0 0 0 A1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 0 0 0 0 0 0 A1
(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 0 A1
(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A1 0 0 0 0 0 0 A1
(su(2)) (su(2)) (n0) (f4) (n0) (g2) (su(2))






∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 0 A2
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 0 A2
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
0 A2 0 0 0 0 0 A2
(su(2)) (su(3)) (n0) (f4) (n0) (g2) (su(2))
0 A3 0 0 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 0 0 0 0 0 0 A2
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 0 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A3 0 0 0 0 0 0 A3
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A3 0 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 0 0 0 0 0 0 A2
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
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A2 0 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A3 0 0 0 0 0 0 A3
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A3 0 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 0 0 0 0 0 0 A2
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 0 0 0 0 0 0 A2
(su(3)) (su(2)) (n0) (f4) (n0) (g2) (su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))






∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))






∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 A1 0 0 0 0 0 A1 ⊕A2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A2 A2 0 0 0 0 0 A
2
2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A2 A2 0 0 0 0 0 A
2
2
(su(3)) (su(3)) (n0) (f4) (n0) (g2) (su(2))
A2 A2 0 0 0 0 0 A
2
2
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A5 0 0 0 0 0 0 A5
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A5 0 0 0 0 0 0 A5
(su(4)) (su(2)) (n0) (f4) (n0) (g2) (su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
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A4 0 0 0 0 0 0 A4
(su(4)) (su(3)) (n0) (f4) (n0) (g2) (su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A6 0 0 0 0 0 0 A6
(su(5)) (su(3)) (n0) (f4) (n0) (g2) (su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2))
A8 0 0 0 0 0 0 A8
(su(6)) (su(3)) (n0) (f4) (n0) (g2) (su(2))
A8 0 0 0 0 0 0 A8
3 1 3 1 5 1 3 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 0 A1 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 A1 0 0 0 A1 A
2
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 0 A1 0 0 0 0 A1
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 0 0 0 0 0 A1 A1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
453
A1 0 A1 0 0 0 A1 A
3
1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 A1 0 0 0 A1 A
3
1
(g2) (n0) (g2) (n0) (f4) (n0) (g2)
A1 0 A1 0 0 0 A1 A
3
1
(I∗ns0 ,g2) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 A1 0 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 A1 0 0 0 0 A
2
1
(g2) (n0) (g2) (n0) (f4) (n0) (su(3))
A1 0 A1 0 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1 A
2
1
(I∗ns0 ,g2) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1 A
2
1
(I∗ns0 ,g2) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 0 A1 A1 ⊕A2
(I∗ns0 ,g2) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A1 0 0 0 0 A1 A
2
1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 0 A1 A1 ⊕A2
(g2) (su(2)) (g2) (n0) (f4) (n0) (g2)
0 A2 0 0 0 0 A1 A1 ⊕A2
(I∗ns0 ,g2) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 A2
(g2) (su(2)) (g2) (n0) (f4) (n0) (su(3))
0 A2 0 0 0 0 0 A2
(I∗s1 ,so(10)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
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C3 0 0 0 0 0 0 C3
(I∗s1 ,so(10)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 0 A1 A1 ⊕ C3
(I∗s1 ,so(10)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 0 C3
(I∗s1 ,so(10)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 0 0 0 0 A1 A1 ⊕ C2
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 0 0 0 0 A1 A1 ⊕ C2
(so(10)) (su(2)) (g2) (n0) (f4) (n0) (g2)
C2 0 0 0 0 0 A1 A1 ⊕ C2
(I∗s1 ,so(10)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(I∗s1 ,so(10)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(so(10)) (su(2)) (g2) (n0) (f4) (n0) (su(3))
C2 0 0 0 0 0 0 C2
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 0 A1 A1 ⊕ C3
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C3 0 0 0 0 0 A1 A1 ⊕ C3
(so(11)) (su(2)) (g2) (n0) (f4) (n0) (g2)
C3 0 0 0 0 0 A1 A1 ⊕ C3
(I∗ns2 ,so(11)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C3 0 0 0 0 0 0 C3
(so(11)) (su(2)) (g2) (n0) (f4) (n0) (su(3))
C3 0 0 0 0 0 0 C3
(I∗s2 ,so(12)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C4 0 0 0 0 0 A1 A1 ⊕ C4
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C4 0 0 0 0 0 A1 A1 ⊕ C4
(so(12)) (su(2)) (g2) (n0) (f4) (n0) (g2)
C4 0 0 0 0 0 A1 A1 ⊕ C4
(I∗s2 ,so(12)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C4 0 0 0 0 0 0 C4
(I∗s2 ,so(12)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
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C4 0 0 0 0 0 0 C4
(so(12)) (su(2)) (g2) (n0) (f4) (n0) (su(3))
C4 0 0 0 0 0 0 C4
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 A1 0 0 0 A1 A
2
1 ⊕ C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 A1 0 0 0 A1 A
2
1 ⊕ C2
(so(7)) (n0) (g2) (n0) (f4) (n0) (g2)
C2 0 A1 0 0 0 A1 A
2
1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 A1 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 A1 0 0 0 0 A1 ⊕ C2
(so(7)) (n0) (g2) (n0) (f4) (n0) (su(3))
C2 0 A1 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 0 0 0 0 A1 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 0 A1 A
3
1
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 0 A1 A
3
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A2 0 0 0 0 A1 A
2
1 ⊕A2
(so(7)) (su(2)) (g2) (n0) (f4) (n0) (g2)
A1 A2 0 0 0 0 A1 A
2
1 ⊕A2
(I∗ss0 ,so(7)) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A2 0 0 0 0 0 A1 ⊕A2
(so(7)) (su(2)) (g2) (n0) (f4) (n0) (su(3))
A1 A2 0 0 0 0 0 A1 ⊕A2
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
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A31 0 A1 0 0 0 A1 A
5
1
(I∗s0 ,so(8)) (I0,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A31 0 A1 0 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A31 0 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A31 0 0 0 0 0 A1 A
4
1
(I∗s0 ,so(8)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A31 0 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A21 A1 0 0 0 0 A1 A
4
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 0 A1 A
3
1
(so(8)) (su(2)) (g2) (n0) (f4) (n0) (g2)
A21 A1 0 0 0 0 A1 A
4
1
(I∗s0 ,so(8)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A21 A1 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 0 A
2
1
(so(8)) (su(2)) (g2) (n0) (f4) (n0) (su(3))
A21 A1 0 0 0 0 0 A
3
1
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 A1 0 0 0 A1 A
2
1 ⊕ C2
(I∗ns1 ,so(9)) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 A1 0 0 0 0 A1 ⊕ C2
(I∗ns1 ,so(9)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C2 0 0 0 0 0 A1 A1 ⊕ C2
(I∗ns1 ,so(9)) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C2 0 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 0 0 0 0 0 A1 A
2
1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A1 0 0 0 0 A1 A
3
1
(so(9)) (su(2)) (g2) (n0) (f4) (n0) (g2)
A1 A1 0 0 0 0 A1 A
3
1
(I∗ns1 ,so(9)) (I2,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
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A1 0 0 0 0 0 0 A1
(I∗ns1 ,so(9)) (Ins3 ,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A1 0 0 0 0 0 A
2
1
(so(9)) (su(2)) (g2) (n0) (f4) (n0) (su(3))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)





0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




0 A21 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 A2
(IVs,su(3)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A21 0 0 0 0 A1 A
3
1




0 A21 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 A2
2 1 5 1 3 2 1 5 GS Total:
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
C4 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
C4 0 0 0 0 0 0 0 C4
(g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
C4 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
C4 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
C4 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
C4 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
C4 0 0 0 0 0 0 0 C4
(g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
C4 0 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0 A2 0 0 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
0 A2 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
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∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0 A1 0 0 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
0 A1 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0 A2 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0 A1 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (g2) (su(2)) (n0) (e7)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0 A2 0 0 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
0 A2 0 0 0 0 0 0 A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
0 A2 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
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(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
0 A1 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
B3 0 0 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
B3 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A3 0 0 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A3 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A1 0 0 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A1 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
g2 0 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A2 0 0 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A2 0 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
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g2 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
B3 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
B3 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A3 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A1 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
g2 0 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A2 0 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0) (e7)
B3 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
B3 0 0 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
B3 0 0 0 0 0 0 0 B3
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
B3 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A3 0 0 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A3 0 0 0 0 0 0 0 A3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A3 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (II,n0) (IV




g2 0 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A2 0 0 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A2 0 0 0 0 0 0 0 A2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A2 0 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 g2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
B3 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A4 0 0 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A4 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗s,e6)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A4 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0) (e7)
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A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A5 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A4 0 0 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A4 0 0 0 0 0 0 0 A4
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A4 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4)
A22 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
A5 0 0 0 0 0 0 0 A5
2 2 1 5 1 3 2 2 GS Total:
(II,n0) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(IVns,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(III,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(IVns,su(2)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(III,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(IVns,su(2)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C3 0 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C3 0 0 0 0 0 0 0 C3
(I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
463
C3 0 0 0 0 0 0 0 C3
(g2) (su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0)
C3 0 0 0 0 0 0 0 C3
(I0,n0) (I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A2 0 0 0 0 0 A2
(II,n0) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A1 0 0 0 0 0 A1
(I1,n0) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A2 0 0 0 0 0 A2
(II,n0) (II,n0) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A1 0 0 0 0 0 A1
(I1,n0) (I1,n0) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A1 0 0 0 0 0 A1
(n0) (n0) (n0) (f4) (n0) (g2) (su(2)) (n0)
0 0 A2 0 0 0 0 0 A2
(II,n0) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 0 0 0 0 A1
(I1,n0) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 A2
(II,n0) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 A2
(I1,n0) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 0 0 0 0 A1
(II,n0) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 g2 0 0 0 0 0 0 g2
(n0) (su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0)
0 g2 0 0 0 0 0 0 g2
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C4 0 0 0 0 0 0 0 C4
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 C3 0 0 0 0 0 0 C3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 C3 0 0 0 0 0 0 C3
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
0 C3 0 0 0 0 0 0 C3
(III,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 A1 0 0 0 0 0 A
2
1
(IVns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
g2 0 A1 0 0 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 A2 0 0 0 0 0 A
2
2
(su(2)) (n0) (n0) (f4) (n0) (g2) (su(2)) (n0)




g2 0 A1 0 0 0 0 0 A1 ⊕ g2
(III,su(2)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 A
2
1
(I2,su(2)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 A
2
1
(III,su(2)) (III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 0 0 0 0 0 0 A1
(I2,su(2)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 0 0 0 0 0 0 A1
(su(2)) (su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0)






∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 A2
(III,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 A2
(IVns,su(2)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 A2
(su(2)) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
0 A3 0 0 0 0 0 0 A3
(IVs,su(3)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 0 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A3 0 0 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 0 0 0 0 0 0 A2
(Is3,su(3)) (I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A3 0 0 0 0 0 0 0 A3
(IVs,su(3)) (IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 0 0 0 0 0 0 A2
(su(3)) (su(2)) (n0) (f4) (n0) (g2) (su(2)) (n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)






∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 A1 0 0 0 0 0 0 A1 ⊕A2
(IVs,su(3)) (IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 A2 0 0 0 0 0 0 A
2
2
(su(3)) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A2 A2 0 0 0 0 0 0 A
2
2
(Is4,su(4)) (I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A4 0 0 0 0 0 0 0 A4
(su(4)) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A6 0 0 0 0 0 0 0 A6
(su(5)) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A8 0 0 0 0 0 0 0 A8
3 1 3 1 5 1 3 2 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A1 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 0 A1 0 0 0 0 0 A1
(f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
0 0 A1 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 A1 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 0 A1 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 A1 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 0 A1 0 0 0 0 0 A
2
1
(g2) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
A1 0 A1 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
466
A1 0 0 0 0 0 0 0 A1
(g2) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A2 0 0 0 0 0 0 A2
(I∗ns0 ,g2) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 A2 0 0 0 0 0 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 A2 0 0 0 0 0 0 A2
(g2) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
0 A2 0 0 0 0 0 0 A2
(I∗s1 ,so(10)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C3 0 0 0 0 0 0 0 C3
(I∗s1 ,so(10)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C3 0 0 0 0 0 0 0 C3
(so(10)) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
C3 0 0 0 0 0 0 0 C3
(I∗s1 ,so(10)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 0 0 0 0 0 0 C2
(I∗s1 ,so(10)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 0 0 0 0 0 0 C2
(so(10)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
C2 0 0 0 0 0 0 0 C2
(I∗ns2 ,so(11)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C3 0 0 0 0 0 0 0 C3
(I∗ns2 ,so(11)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))






0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C3 0 0 0 0 0 0 0 C3
(so(11)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
C3 0 0 0 0 0 0 0 C3
(I∗s2 ,so(12)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C4 0 0 0 0 0 0 0 C4
(I∗s2 ,so(12)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C4 0 0 0 0 0 0 0 C4
(so(12)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
C4 0 0 0 0 0 0 0 C4
(I∗ss0 ,so(7)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(so(7)) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 0 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 0 0 0 0 0 0 C2
(so(7)) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
C2 0 0 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 A1 0 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 A1 0 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 A1 0 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(so(7)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
468
A1 A2 0 0 0 0 0 0 A1 ⊕A2
(I∗s0 ,so(8)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A31 0 A1 0 0 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A31 0 A1 0 0 0 0 0 A
4
1
(so(8)) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
A31 0 A1 0 0 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A31 0 0 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A31 0 0 0 0 0 0 0 A
3
1
(so(8)) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
A31 0 0 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A21 A1 0 0 0 0 0 0 A
3
1
(I∗s0 ,so(8)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
A1 A1 0 0 0 0 0 0 A
2
1
(so(8)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))
A21 A1 0 0 0 0 0 0 A
3
1
(I∗ns1 ,so(9)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ns1 ,so(9)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(so(9)) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
C2 0 A1 0 0 0 0 0 A1 ⊕ C2
(I∗ns1 ,so(9)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
C2 0 0 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
C2 0 0 0 0 0 0 0 C2
(so(9)) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
C2 0 0 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
A1 0 0 0 0 0 0 0 A1
(I∗ns1 ,so(9)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))




(so(9)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2))





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 0 A1 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 0 A1 0 0 0 0 0 A1
(su(3)) (n0) (g2) (n0) (f4) (n0) (g2) (su(2))
0 0 A1 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2))
0 A21 0 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 0 A2
(IVs,su(3)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2))
0 A21 0 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 0 A2
(su(3)) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2))
0 A21 0 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 0 A2
3 1 5 1 2 3 1 5 GS Total:
(IVs,su(3)) (I0,n0) (IV
















∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(g2) (n0) (f4) (n0) (su(2)) (g2) (n0) (f4)
A1 0 0 0 0 0 0 0 A1
3 2 1 5 1 3 1 5 GS Total:
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
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0(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV








∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV








∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
0
(I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 0 0 0 A1 0 0 A1
(I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 0 0 0 A1 0 0 A1
(I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
0 0 0 0 0 A1 0 0 A1
(g2) (su(2)) (n0) (f4) (n0) (g2) (n0) (f4)
0 0 0 0 0 A1 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4)
A1 0 0 0 0 A1 0 0 A
2
1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6)
A1 0 0 0 0 0 0 0 A1
(I∗ss0 ,so(7)) (III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4)
A1 0 0 0 0 0 0 0 A1
3 1 5 1 3 2 2 1 5 GS Total:
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (III
∗,e7)
0
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
A1 0 0 0 0 0 0 A1 0 A
2
1
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (III
∗,e7)
A1 0 0 0 0 0 0 0 0 A1
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(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV
∗s,e6)
0 0 0 0 0 0 0 A1 0 A1
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV
∗ns,f4)
0 0 0 0 0 0 0 A1 0 A1
2 1 5 1 3 1 5 1 3 GS Total:
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
C4 0 0 0 A1 0 0 0 A1 A
2
1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
C4 0 0 0 A1 0 0 0 0 A1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
C4 0 0 0 0 0 0 0 0 C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
C4 0 0 0 0 0 0 0 A1 A1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
C4 0 0 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (e6) (n0) (su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 0 0 0 A1 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 A2 0 0 0 0 0 0 A1 A
2
1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2)




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))




∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
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∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A1 0 0 A1 0 0 0 A1 A
3
1
(n0) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 A1 0 0 0 0 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 A1 0 0 0 0 A
2
1
(n0) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (su(3))




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(3)) (n0) (e6) (n0) (su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A2 0 0 0 0 0 0 A1 A1 ⊕A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)





∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
0 A1 0 0 0 0 0 0 A1 A
2
1
(n0) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A2 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
0 A1 0 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (su(3))
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
B3 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 g2
(su(2)) (n0) (e6) (n0) (su(3)) (n0) (e6) (n0) (su(3))
B3 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
B3 0 0 0 0 0 0 0 A1 A1 ⊕B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A3 0 0 0 0 0 0 0 A1 A1 ⊕A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 0 0 A1 A21 ⊕A2
g2 0 0 0 0 0 0 0 A1 A1 ⊕ g2
(su(2)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2)
B3 0 0 0 0 0 0 0 A1 A1 ⊕B3
A1 ⊕A2 0 0 0 0 0 0 0 A1 A21 ⊕A2
(III,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
B3 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 g2
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(su(2)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (su(3))
B3 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 A1 0 0 0 A1 A31 ⊕A2
g2 0 0 0 A1 0 0 0 A1 A
2
1 ⊕ g2
(su(2)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2)
B3 0 0 0 A1 0 0 0 A1 A
2
1 ⊕B3
A1 ⊕A2 0 0 0 A1 0 0 0 A1 A31 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
B3 0 0 0 A1 0 0 0 0 A1 ⊕B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A3 0 0 0 A1 0 0 0 0 A1 ⊕A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
g2 0 0 0 A1 0 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 0 0 A1 0 0 0 0 A1 ⊕A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A1 ⊕A2 0 0 0 A1 0 0 0 0 A21 ⊕A2
g2 0 0 0 A1 0 0 0 0 A1 ⊕ g2
(su(2)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (su(3))
B3 0 0 0 A1 0 0 0 0 A1 ⊕B3
A1 ⊕A2 0 0 0 A1 0 0 0 0 A21 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
B3 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
g2 0 0 0 0 0 0 0 0 g2
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(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (e6) (n0) (su(3))
B3 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
B3 0 0 0 0 0 0 0 A1 A1 ⊕B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A3 0 0 0 0 0 0 0 A1 A1 ⊕A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
g2 0 0 0 0 0 0 0 A1 A1 ⊕ g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A2 0 0 0 0 0 0 0 A1 A1 ⊕A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A1 ⊕A2 0 0 0 0 0 0 0 A1 A21 ⊕A2
g2 0 0 0 0 0 0 0 A1 A1 ⊕ g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2)
B3 0 0 0 0 0 0 0 A1 A1 ⊕B3
A1 ⊕A2 0 0 0 0 0 0 0 A1 A21 ⊕A2
(III,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
B3 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A3 0 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 0 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
g2 0 0 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A2 0 0 0 0 0 0 0 0 A2
(IVns,su(2)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (su(3))
B3 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A5 0 0 0 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
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A22 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (e6) (n0) (su(3))
A5 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A5 0 0 0 0 0 0 0 A1 A1 ⊕A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A22 0 0 0 0 0 0 0 A1 A1 ⊕A22
C2 0 0 0 0 0 0 0 A1 A1 ⊕ C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2)
A5 0 0 0 0 0 0 0 A1 A1 ⊕A5
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A5 0 0 0 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A22 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (su(3))
A5 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2)
A22 0 0 0 A1 0 0 0 A1 A
2
1 ⊕A22
C2 0 0 0 A1 0 0 0 A1 A
2
1 ⊕ C2
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2)




∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A5 0 0 0 A1 0 0 0 0 A1 ⊕A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A4 0 0 0 A1 0 0 0 0 A1 ⊕A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3))
A22 0 0 0 A1 0 0 0 0 A1 ⊕A22
C2 0 0 0 A1 0 0 0 0 A1 ⊕ C2
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (su(3))
A5 0 0 0 A1 0 0 0 0 A1 ⊕A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A5 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A4 0 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3))
A22 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 C2
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(su(3)) (n0) (f4) (n0) (su(3)) (n0) (e6) (n0) (su(3))
A5 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A5 0 0 0 0 0 0 0 A1 A1 ⊕A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A4 0 0 0 0 0 0 0 A1 A1 ⊕A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2)
A22 0 0 0 0 0 0 0 A1 A1 ⊕A22
C2 0 0 0 0 0 0 0 A1 A1 ⊕ C2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2)
A5 0 0 0 0 0 0 0 A1 A1 ⊕A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A5 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A4 0 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3))
A22 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (su(3))
A5 0 0 0 0 0 0 0 0 A5
3 1 3 1 5 1 3 2 2 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A1 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 A1 0 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 A1 0 0 0 0 0 0 A
2
1
(g2) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 0 A1 0 0 0 0 0 0 A
2
1
(I∗ns0 ,g2) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 0 0 0 0 0 A1
(I∗ns0 ,g2) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 0 A2
(I∗ns0 ,g2) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
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0 A2 0 0 0 0 0 0 0 A2
(g2) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
0 A2 0 0 0 0 0 0 0 A2
(I∗s1 ,so(10)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C3 0 0 0 0 0 0 0 0 C3
(I∗s1 ,so(10)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 0 0 0 0 0 0 0 C2
(so(10)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
C2 0 0 0 0 0 0 0 0 C2
(I∗ns2 ,so(11)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C3 0 0 0 0 0 0 0 0 C3
(so(11)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
C3 0 0 0 0 0 0 0 0 C3
(I∗s2 ,so(12)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C4 0 0 0 0 0 0 0 0 C4
(so(12)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
C4 0 0 0 0 0 0 0 0 C4
(I∗ss0 ,so(7)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 A1 0 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 A1 0 0 0 0 0 0 A1 ⊕ C2
(so(7)) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
C2 0 A1 0 0 0 0 0 0 A1 ⊕ C2
(I∗ss0 ,so(7)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 0 0 0 0 0 0 0 C2
(I∗ss0 ,so(7)) (III,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 0 A
2
1
(I∗ss0 ,so(7)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(so(7)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 A2 0 0 0 0 0 0 0 A1 ⊕A2
(I∗s0 ,so(8)) (I0,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A31 0 A1 0 0 0 0 0 0 A
4
1
(I∗s0 ,so(8)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)




(I∗s0 ,so(8)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)







0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 0 A
2
1
(so(8)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
A21 A1 0 0 0 0 0 0 0 A
3
1
(I∗ns1 ,so(9)) (II,n0) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 A1 0 0 0 0 0 0 A1 ⊕ C2
(I∗ns1 ,so(9)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C2 0 0 0 0 0 0 0 0 C2
(I∗ns1 ,so(9)) (I2,su(2)) (I
∗ns
0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 0 A
2
1
(so(9)) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)





0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 0 A1 0 0 0 0 0 0 A1
(IVs,su(3)) (I0,n0) (IV
s,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A21 0 0 0 0 0 0 0 A
2
1
0 A2 0 0 0 0 0 0 0 A2
5 1 3 1 5 1 3 2 1 5 GS Total:
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV∗ns,f4)
0
(IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗s,e6)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗ns,f4)
0
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗s,e6)
480
0 0 A1 0 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗s,e6)
0 0 A1 0 0 0 0 0 0 0 A1
(f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (e6)
0 0 A1 0 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (III
∗,e7)
0 0 A1 0 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) (I0,n0) (IV
∗ns,f4)
0 0 A1 0 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (IV∗ns,f4)
0 0 A1 0 0 0 0 0 0 0 A1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (I0,n0) (IV∗ns,f4)
0 0 A1 0 0 0 0 0 0 0 A1
(f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (f4)
0 0 A1 0 0 0 0 0 0 0 A1
2 3 1 5 1 3 2 2 1 5 GS Total:
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (III∗,e7)
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (III∗,e7)
0
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗s,e6)
0 0 0 0 0 0 0 0 A1 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗s,e6)
0 0 0 0 0 0 0 0 A1 0 A1
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (n0) (e6)
0 0 0 0 0 0 0 0 A1 0 A1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗ns,f4)
0 0 0 0 0 0 0 0 A1 0 A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗ns,f4)
0 0 0 0 0 0 0 0 A1 0 A1
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0) (n0) (f4)
0 0 0 0 0 0 0 0 A1 0 A1
2 1 5 1 3 1 5 1 3 2 2 GS Total:
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C4 0 0 0 A1 0 0 0 0 0 0 A1 ⊕ C4
(I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
C4 0 0 0 0 0 0 0 0 0 0 C4
(I0,n0) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 0 0 0 A21
(I1,n0) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A2 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(n0) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 A2 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(I0,n0) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 A1 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 A1 0 0 0 0 0 0 A31
(I1,n0) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A2 0 0 A1 0 0 0 0 0 0 A21 ⊕A2
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(II,n0) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 A1 0 0 0 0 0 0 A21
(I1,n0) (I1,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 A1 0 0 0 0 0 0 A21
(n0) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 A2 0 0 A1 0 0 0 0 0 0 A21 ⊕A2
(I0,n0) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A2 0 0 0 0 0 0 0 0 0 A2
(II,n0) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A1 0 0 0 0 0 0 0 0 0 A21
(I1,n0) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 A2 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(II,n0) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 0 0 0 0 0 0 0 A1
(I1,n0) (I1,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
0 A1 0 0 0 0 0 0 0 0 0 A1
(n0) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A1 A2 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
B3 0 0 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A3 0 0 0 0 0 0 0 0 0 0 A3
(IVns,su(2)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 ⊕A2 0 0 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 0 0 g2
(su(2)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
B3 0 0 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(III,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
B3 0 0 0 A1 0 0 0 0 0 0 A1 ⊕B3
(I2,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A3 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A3
(III,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 0 0 A1 0 0 0 0 0 0 A21
(IVns,su(2)) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
g2 0 0 0 A1 0 0 0 0 0 0 A1 ⊕ g2
(I2,su(2)) (I1,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A2
(IVns,su(2)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 ⊕A2 0 0 0 A1 0 0 0 0 0 0 A21 ⊕A2
g2 0 0 0 A1 0 0 0 0 0 0 A1 ⊕ g2
(su(2)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
B3 0 0 0 A1 0 0 0 0 0 0 A1 ⊕B3
A1 ⊕A2 0 0 0 A1 0 0 0 0 0 0 A21 ⊕A2
(III,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
B3 0 0 0 0 0 0 0 0 0 0 B3
(I2,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A3 0 0 0 0 0 0 0 0 0 0 A3
(III,su(2)) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 0 0 0 0 0 0 0 0 0 0 A1
(IVns,su(2)) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
g2 0 0 0 0 0 0 0 0 0 0 g2
(I2,su(2)) (I1,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A2 0 0 0 0 0 0 0 0 0 0 A2
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(IVns,su(2)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A1 ⊕A2 0 0 0 0 0 0 0 0 0 0 A1 ⊕A2
g2 0 0 0 0 0 0 0 0 0 0 g2
(su(2)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
B3 0 0 0 0 0 0 0 0 0 0 B3
A1 ⊕A2 0 0 0 0 0 0 0 0 0 0 A1 ⊕A2
(Is3,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A5 0 0 0 0 0 0 0 0 0 0 A5
(IVs,su(3)) (I0,n0) (IV∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A22 0 0 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 0 0 C2
(su(3)) (n0) (e6) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A5 0 0 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A5 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A4 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A4
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A22 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A22
C2 0 0 0 A1 0 0 0 0 0 0 A1 ⊕ C2
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4) (n0) (g2) (su(2)) (n0)
A5 0 0 0 A1 0 0 0 0 0 0 A1 ⊕A5
(Is3,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A5 0 0 0 0 0 0 0 0 0 0 A5
(Is3,su(3)) (I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A4 0 0 0 0 0 0 0 0 0 0 A4
(IVs,su(3)) (I0,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0)
A22 0 0 0 0 0 0 0 0 0 0 A
2
2
C2 0 0 0 0 0 0 0 0 0 0 C2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (f4) (n0) (g2) (su(2)) (n0)
A5 0 0 0 0 0 0 0 0 0 0 A5
2 2 3 1 5 1 3 2 2 1 5 GS Total:
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (III∗,e7)
0
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗s,e6)
0 0 0 0 0 0 0 0 0 A1 0 A1
(II,n0) (IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) (I0,n0) (IV∗ns,f4)
0 0 0 0 0 0 0 0 0 A1 0 A1
D.2 Branching links, including all branching 0-links
and 1-links
D.2.1 e7-type endpoint





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV






2 3 1 5 1 3 2 GS Total:
1
3








D.2.3 a = 7/8
2 2 3 1 5 1 3 2 2 GS Total:
1
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) (II,n0) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 0 0 A2
A2
D.2.4 a = 6/7
2 2 3 1 5 1 3 2 GS Total:
1
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 0 A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IV
ns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 0 A2
A2
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(n0) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 0 0 A2
A2
D.2.5 a = 5/6
2 2 3 1 5 1 3 GS Total:
1
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 0 A1 A1 ⊕A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 0 0 A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
(n0) (su(2)) (g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
2 3 1 5 1 3 2 GS Total:
1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
485
0 0 0 0 0 0 0 A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 0 A2
A2
D.2.6 a = 3/4
1 5 1 3 2 GS Total:
1
(I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(II,n0)
A2 0 0 0 0 A2 ⊕ C3
C3
A2 0 0 0 0 A2 ⊕ g2
g2
(I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I1,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
C3 0 0 0 0 A2 ⊕ C3
A2




∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I1,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(II,n0)
A2 0 0 0 0 A2 ⊕ C3
C3
A2 0 0 0 0 A2 ⊕ g2
g2
(I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I1,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
C3 0 0 0 0 A2 ⊕ C3
A2
g2 0 0 0 0 A2 ⊕ g2
A2
(I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I1,n0)




(n0) (f4) (n0) (g2) (su(2)) GS Tot:
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(n0)
A2 0 0 0 0 A2 ⊕ C3
C3
C3 0 0 0 0 A2 ⊕ C3
A2
A2 0 0 0 0 A2 ⊕ g2
g2
g2 0 0 0 0 A2 ⊕ g2
A2
3 1 5 1 3 GS Total:
1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)





∗s,e6) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 A1 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(II,n0)
0 0 0 0 A1 A1 ⊕ C3
C3
0 0 0 0 A1 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I1,n0)
0 0 0 0 A1 A1 ⊕A2
A2
(su(3)) (n0) (f4) (n0) (g2) GS Tot:
(n0)
0 0 0 0 A1 A1 ⊕ C3
C3
488
0 0 0 0 A1 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 C3
C3
0 0 0 0 0 g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 A2
A2
(su(3)) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 0 C3
C3
0 0 0 0 0 g2
g2
2 3 1 3 2 2 GS Total:
2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) GS Tot:
(III,su(2))
0

















ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
(IVs,su(3))
0 0 0 0 0 0 A1 A1
0
0
D.2.7 a = 2/3
1 5 1 3 GS Total:
1
(I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)





∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
A2 0 0 A1 A1 ⊕A22
A2
(I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(II,n0)
A2 0 0 A1 A1 ⊕A2 ⊕ C3
C3
A2 0 0 A1 A1 ⊕A2 ⊕ g2
g2
(I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I1,n0)
A2 0 0 A1 A1 ⊕A22
A2
(II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
C3 0 0 A1 A1 ⊕A2 ⊕ C3
A2




∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
A2 0 0 A1 A1 ⊕A22
A2
(I1,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I1,n0)
A2 0 0 A1 A1 ⊕A22
A2
(n0) (f4) (n0) (g2) GS Tot:
(n0)
A2 0 0 A1 A1 ⊕A2 ⊕ C3
C3
C3 0 0 A1 A1 ⊕A2 ⊕ C3
A2
A2 0 0 A1 A1 ⊕A2 ⊕ g2
g2
g2 0 0 A1 A1 ⊕A2 ⊕ g2
A2
(I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
A2 0 0 0 A2 ⊕ C3
C3
A2 0 0 0 A2 ⊕ g2
g2
(I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)





∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
C3 0 0 0 A2 ⊕ C3
A2




∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)




C3 0 0 0 C3 ⊕ g2
g2
g2 0 0 0 C3 ⊕ g2
C3





∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)
C3 0 0 0 A2 ⊕ C3
A2
g2 0 0 0 A2 ⊕ g2
A2
(I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
A2 0 0 0 A2 ⊕ C3
C3
A2 0 0 0 A2 ⊕ g2
g2
(I1,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)




(n0) (f4) (n0) (su(3)) GS Tot:
(n0)




C3 0 0 0 C3 ⊕ g2
g2
g2 0 0 0 C3 ⊕ g2
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C3




2 3 1 3 2 GS Total:
2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(III,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(III,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) (III,su(2)) GS Tot:
(III,su(2))
0 0 0 A1 0 A1
0
2 3 1 5 1 3 GS Total:
1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 A1 A1 ⊕A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 A1 A1 ⊕A2
A2
(su(2)) (g2) (n0) (f4) (n0) (g2) GS Tot:
(n0)
0 0 0 0 0 A1 A1 ⊕A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 0 A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 0 C3
493
C3
0 0 0 0 0 0 g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 0 A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 g2
g2
(su(2)) (g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 g2
g2
3 1 5 1 3 2 GS Total:
1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
A1 0 0 0 0 0 A1 ⊕D4
D4




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
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A1 0 0 0 0 0 A1 ⊕D4
D4




(g2) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
A1 0 0 0 0 0 A1 ⊕D4
D4





∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(su(3)) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
2 3 1 5 1 3 GS Total:
1
3









(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
(I∗ns0 ,g2)
0 0 0 0 0 0 A1
0
A1
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
(I∗ns0 ,g2)
0 0 0 0 0 0 A1
0
A1
(su(2)) (g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
(g2)
0 0 0 0 0 0 A1
0
A1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
(IVs,su(3))
0 0 0 0 0 A1 A1
0
0
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
(IVs,su(3))
0 0 0 0 0 A1 A1
0
0
(su(2)) (g2) (n0) (f4) (n0) (g2) GS Tot:
(n0)
(su(3))




D.2.8 a = 1/2
1 5 1 GS Total:
1
(I0,n0) (IV
∗s,e6) (I0,n0) GS Tot:
(I0,n0)





∗,e7) (I0,n0) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) GS Tot:
(II,n0)









∗ns,f4) (I0,n0) GS Tot:
(I1,n0)





∗ns,f4) (II,n0) GS Tot:
(I0,n0)









∗ns,f4) (II,n0) GS Tot:
(II,n0)
A2 0 C3 A2 ⊕ C23
C3
A2 0 g2 A2 ⊕ C3 ⊕ g2
C3
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A2 0 C3 A2 ⊕ C3 ⊕ g2
g2
A2 0 g2 A2 ⊕ g22
g2
(I0,n0) (IV
∗ns,f4) (II,n0) GS Tot:
(I1,n0)









∗ns,f4) (I1,n0) GS Tot:
(I0,n0)





∗ns,f4) (I1,n0) GS Tot:
(II,n0)









∗ns,f4) (I1,n0) GS Tot:
(I1,n0)





∗ns,f4) (II,n0) GS Tot:
(I0,n0)
C3 0 C3 A2 ⊕ C23
A2
C3 0 g2 A2 ⊕ C3 ⊕ g2
A2
g2 0 C3 A2 ⊕ C3 ⊕ g2
A2
g2 0 g2 A2 ⊕ g22
A2
(II,n0) (IV
∗ns,f4) (I1,n0) GS Tot:
(I0,n0)










∗ns,f4) (I1,n0) GS Tot:
(I1,n0)









∗ns,f4) (I1,n0) GS Tot:
(I0,n0)





∗ns,f4) (I1,n0) GS Tot:
(II,n0)









∗ns,f4) (I1,n0) GS Tot:
(I1,n0)




(n0) (f4) (n0) GS Tot:
(n0)
A2 0 C3 A2 ⊕ C23
C3
C3 0 A2 A2 ⊕ C23
C3
C3 0 C3 A2 ⊕ C23
A2
A2 0 g2 A2 ⊕ C3 ⊕ g2
C3
A2 0 C3 A2 ⊕ C3 ⊕ g2
g2
C3 0 A2 A2 ⊕ C3 ⊕ g2
g2
g2 0 A2 A2 ⊕ C3 ⊕ g2
C3
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C3 0 g2 A2 ⊕ C3 ⊕ g2
A2
g2 0 C3 A2 ⊕ C3 ⊕ g2
A2
A2 0 g2 A2 ⊕ g22
g2
g2 0 A2 A2 ⊕ g22
g2
g2 0 g2 A2 ⊕ g22
A2
3 2 1 GS Total:
2
(I∗ns0 ,g2) (IVns,su(2)) (I0,n0) GS Tot:
(II,n0)
0 0 e6 e6
0
0 0 A2 ⊕A3 A2 ⊕A3
0
5 1 3 2 GS Total:
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 D4
D4
0 0 0 0 A1 ⊕A3
A1 ⊕A3
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 D4
D4
0 0 0 0 A1 ⊕A3
A1 ⊕A3
(f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 D4
D4
500
0 0 0 0 A1 ⊕A3
A1 ⊕A3
2 3 1 3 GS Total:
2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (IVs,su(3)) GS Tot:
(III,su(2))
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ns0 ,g2) GS Tot:
(III,su(2))
0 0 0 A1 A1
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗ss0 ,so(7)) GS Tot:
(III,su(2))
0 0 0 C2 C2
0
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) (I∗s0 ,so(8)) GS Tot:
(III,su(2))

















(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
(I∗ns0 ,g2)






(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
(IVs,su(3))





(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
(IVs,su(3))




∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
(I∗ns0 ,g2)
0 0 0 0 0 A1
0
A1
D.2.9 a = 0
2 3 1 GS Total:
2
(III,su(2)) (I∗ss0 ,so(7)) (I0,n0) GS Tot:
(III,su(2))
0 0 D4 D4
0
0 0 A1 ⊕A3 A1 ⊕A3
0
3 1 5 1 2 GS Total:
1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
A1 0 0 0 C2 ⊕ C3 A1 ⊕A2 ⊕ C2 ⊕ C3
A2
A1 0 0 0 C4 A1 ⊕A2 ⊕ C4
A2
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(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I0,n0)
A1 0 0 A2 0 A1 ⊕A22
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(II,n0)
A1 0 0 A2 0 A1 ⊕A2 ⊕ C3
C3
A1 0 0 A2 0 A1 ⊕A2 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I1,n0)
A1 0 0 A2 0 A1 ⊕A22
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(II,n0)








(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I1,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(II,n0)
A1 0 0 A2 A1 A
2
1 ⊕A2 ⊕ C3
C3
A1 0 0 A2 A1 A
2
1 ⊕A2 ⊕ g2
g2
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(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I1,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (II,n0) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I1,n0)




(g2) (n0) (f4) (n0) (n0) GS Tot:
(n0)
A1 0 0 A2 A1 A
2
1 ⊕A2 ⊕ C3
C3
A1 0 0 A2 A1 A
2
1 ⊕A2 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
A1 0 0 0 B3 A1 ⊕A2 ⊕B3
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(II,n0)
A1 0 0 0 B3 A1 ⊕B3 ⊕ C3
C3
A1 0 0 0 B3 A1 ⊕B3 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I1,n0)
A1 0 0 0 B3 A1 ⊕A2 ⊕B3
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)
504
A1 0 0 0 A3 A1 ⊕A2 ⊕A3
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(II,n0)
A1 0 0 0 A3 A1 ⊕A3 ⊕ C3
C3
A1 0 0 0 A3 A1 ⊕A3 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I1,n0)
A1 0 0 0 A3 A1 ⊕A2 ⊕A3
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I0,n0)
A1 0 0 0 g2 A1 ⊕A2 ⊕ g2
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I0,n0)
A1 0 0 0 A2 A1 ⊕A22
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I1,n0)
A1 0 0 0 A2 A1 ⊕A22
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
A1 0 0 0 A1 ⊕A2 A21 ⊕A22
A2
A1 0 0 0 g2 A1 ⊕A2 ⊕ g2
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(II,n0)
A1 0 0 0 A1 ⊕A2 A21 ⊕A2 ⊕ C3
C3
505
A1 0 0 0 g2 A1 ⊕ C3 ⊕ g2
C3
A1 0 0 0 A1 ⊕A2 A21 ⊕A2 ⊕ g2
g2
A1 0 0 0 g2 A1 ⊕ g22
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I1,n0)
A1 0 0 0 A1 ⊕A2 A21 ⊕A22
A2
A1 0 0 0 g2 A1 ⊕A2 ⊕ g2
A2
(g2) (n0) (f4) (n0) (su(2)) GS Tot:
(n0)
A1 0 0 0 B3 A1 ⊕B3 ⊕ C3
C3
A1 0 0 0 A1 ⊕A2 A21 ⊕A2 ⊕ C3
C3
A1 0 0 0 B3 A1 ⊕B3 ⊕ g2
g2
A1 0 0 0 A1 ⊕A2 A21 ⊕A2 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
A1 0 0 0 A5 A1 ⊕A2 ⊕A5
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(II,n0)
A1 0 0 0 A5 A1 ⊕A5 ⊕ C3
C3
A1 0 0 0 A5 A1 ⊕A5 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I1,n0)
A1 0 0 0 A5 A1 ⊕A2 ⊕A5
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I0,n0)
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A1 0 0 0 A4 A1 ⊕A2 ⊕A4
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I1,n0)
A1 0 0 0 A4 A1 ⊕A2 ⊕A4
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)




A1 0 0 0 C2 A1 ⊕A2 ⊕ C2
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)
A1 0 0 0 A
2
2 A1 ⊕A22 ⊕ C3
C3
A1 0 0 0 A
2
2 A1 ⊕A22 ⊕ g2
g2
A1 0 0 0 C2 A1 ⊕ C2 ⊕ C3
C3
A1 0 0 0 C2 A1 ⊕ C2 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)




A1 0 0 0 C2 A1 ⊕A2 ⊕ C2
A2
(g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
A1 0 0 0 A5 A1 ⊕A5 ⊕ C3
C3
A1 0 0 0 A5 A1 ⊕A5 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (I0,n0) GS Tot:
(I0,n0)






∗s,e6) (I0,n0) (II,n0) GS Tot:
(I0,n0)





∗s,e6) (I0,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 A2 A1 A1 ⊕A22
A2
(su(3)) (n0) (e6) (n0) (n0) GS Tot:
(n0)
0 0 0 A2 A1 A1 ⊕A22
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 B3 A2 ⊕B3
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)
0 0 0 0 A3 A2 ⊕A3
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 g2 A2 ⊕ g2
A2
(su(3)) (n0) (e6) (n0) (su(2)) GS Tot:
(n0)
0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 B3 A2 ⊕B3
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 A5 A2 ⊕A5
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)
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0 0 0 0 C2 A2 ⊕ C2
A2
(su(3)) (n0) (e6) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 A5 A2 ⊕A5
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 C4 A2 ⊕ C4
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(II,n0)
0 0 0 0 C2 ⊕ C3 C2 ⊕ C23
C3
0 0 0 0 C4 C3 ⊕ C4
C3
0 0 0 0 C2 ⊕ C3 C2 ⊕ C3 ⊕ g2
g2
0 0 0 0 C4 C4 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I1,n0)
0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 C4 A2 ⊕ C4
A2
(su(3)) (n0) (f4) (n0) (g2) GS Tot:
(n0)
0 0 0 0 C2 ⊕ C3 C2 ⊕ C23
C3
0 0 0 0 C4 C3 ⊕ C4
C3
0 0 0 0 C2 ⊕ C3 C2 ⊕ C3 ⊕ g2
g2
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0 0 0 0 C4 C4 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(II,n0)
0 0 0 A2 0 A2 ⊕ C3
C3
0 0 0 A2 0 A2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I1,n0)





∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I0,n0)





∗ns,f4) (I0,n0) (II,n0) GS Tot:
(II,n0)









∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I1,n0)





∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 A2 A1 A1 ⊕A22
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(II,n0)
0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
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0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 A2 A1 A1 ⊕A22
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (II,n0) GS Tot:
(I0,n0)
0 0 0 A1 0 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (II,n0) GS Tot:
(II,n0)
0 0 0 A1 0 A1 ⊕ C3
C3
0 0 0 A1 0 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (II,n0) GS Tot:
(I1,n0)
0 0 0 A1 0 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 A1 0 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(II,n0)
0 0 0 A1 0 A1 ⊕ C3
C3
0 0 0 A1 0 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 A1 0 A1 ⊕A2
A2
(su(3)) (n0) (f4) (n0) (n0) GS Tot:
(n0)
0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
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0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 B3 A2 ⊕B3
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(II,n0)
0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 B3 B3 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I1,n0)
0 0 0 0 B3 A2 ⊕B3
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)
0 0 0 0 A3 A2 ⊕A3
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(II,n0)
0 0 0 0 A3 A3 ⊕ C3
C3
0 0 0 0 A3 A3 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I1,n0)
0 0 0 0 A3 A2 ⊕A3
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 A1 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(II,n0)
0 0 0 0 A1 A1 ⊕ C3
C3
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0 0 0 0 A1 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I1,n0)
0 0 0 0 A1 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 g2 A2 ⊕ g2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(II,n0)
0 0 0 0 g2 C3 ⊕ g2
C3





∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I1,n0)
0 0 0 0 g2 A2 ⊕ g2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I0,n0)





∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(II,n0)
0 0 0 0 A2 A2 ⊕ C3
C3
0 0 0 0 A2 A2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I1,n0)





∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
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0 0 0 0 g2 A2 ⊕ g2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(II,n0)
0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 g2 C3 ⊕ g2
C3
0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2





∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I1,n0)
0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 g2 A2 ⊕ g2
A2
(su(3)) (n0) (f4) (n0) (su(2)) GS Tot:
(n0)
0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 B3 B3 ⊕ g2
g2
0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 A5 A2 ⊕A5
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(II,n0)
0 0 0 0 A5 A5 ⊕ C3
C3




∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 A5 A2 ⊕A5
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 A4 A2 ⊕A4
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(II,n0)
0 0 0 0 A4 A4 ⊕ C3
C3
0 0 0 0 A4 A4 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 A4 A2 ⊕A4
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)




0 0 0 0 C2 A2 ⊕ C2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)








0 0 0 0 C2 C2 ⊕ C3
C3
0 0 0 0 C2 C2 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)





0 0 0 0 C2 A2 ⊕ C2
A2
(su(3)) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 A5 A5 ⊕ g2
g2
5 1 2 3 2 GS Total:
1
(IV∗s,e6) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 D4
D4
0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(III∗,e7) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 D4
D4
0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(IV∗ns,f4) (I0,n0) (III,su(2)) (I∗ss0 ,so(7)) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 D4
D4
0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
5 1 3 2 2 GS Total:
1
(IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) (II,n0) GS Tot:
(I0,n0)
0 0 0 0 0 D4
D4
0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
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3 1 5 1 3 1 5 GS Total:
1
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) GS Tot:
(I0,n0)




(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(I0,n0)
A1 0 0 0 0 0 0 A1 ⊕A2
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(II,n0)
A1 0 0 0 0 0 0 A1 ⊕ C3
C3
A1 0 0 0 0 0 0 A1 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(I1,n0)
A1 0 0 0 0 0 0 A1 ⊕A2
A2
(g2) (n0) (f4) (n0) (su(3)) (n0) (e6) GS Tot:
(n0)
A1 0 0 0 0 0 0 A1 ⊕ C3
C3
A1 0 0 0 0 0 0 A1 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(I0,n0)
A1 0 0 0 0 0 0 A1 ⊕A2
A2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(II,n0)
A1 0 0 0 0 0 0 A1 ⊕ C3
C3
A1 0 0 0 0 0 0 A1 ⊕ g2
g2
(I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(I1,n0)
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A1 0 0 0 0 0 0 A1 ⊕A2
A2
(g2) (n0) (f4) (n0) (su(3)) (n0) (f4) GS Tot:
(n0)
A1 0 0 0 0 0 0 A1 ⊕ C3
C3
A1 0 0 0 0 0 0 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗s,e6) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) GS Tot:
(I0,n0)
0 0 0 0 A1 0 0 A1 ⊕A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) GS Tot:
(II,n0)
0 0 0 0 A1 0 0 A1 ⊕ C3
C3
0 0 0 0 A1 0 0 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) GS Tot:
(I1,n0)
0 0 0 0 A1 0 0 A1 ⊕A2
A2
(su(3)) (n0) (f4) (n0) (g2) (n0) (f4) GS Tot:
(n0)
0 0 0 0 A1 0 0 A1 ⊕ C3
C3
0 0 0 0 A1 0 0 A1 ⊕ g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(I0,n0)
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0 0 0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(II,n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗s,e6) GS Tot:
(I1,n0)
0 0 0 0 0 0 0 A2
A2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (e6) GS Tot:
(n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 A2
A2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(II,n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
(IVs,su(3)) (I0,n0) (IV
∗ns,f4) (I0,n0) (IVs,su(3)) (I0,n0) (IV∗ns,f4) GS Tot:
(I1,n0)
0 0 0 0 0 0 0 A2
A2
(su(3)) (n0) (f4) (n0) (su(3)) (n0) (f4) GS Tot:
(n0)
0 0 0 0 0 0 0 C3
C3
0 0 0 0 0 0 0 g2
g2
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2 3 1 5 1 2 GS Total:
1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 0 C4 A2 ⊕ C4
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 0 C4 A2 ⊕ C4
A2
(su(2)) (g2) (n0) (f4) (n0) (g2) GS Tot:
(n0)
0 0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 0 C4 A2 ⊕ C4
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I0,n0)




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(II,n0)
0 0 0 0 A2 0 A2 ⊕ C3
C3
0 0 0 0 A2 0 A2 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I1,n0)




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I0,n0)





(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(II,n0)








(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I1,n0)




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 A2 A1 A1 ⊕A22
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(II,n0)
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 0 A2 A1 A1 ⊕A22
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (II,n0) GS Tot:
(I0,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I0,n0)
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(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(II,n0)
0 0 0 0 A2 0 A2 ⊕ C3
C3
0 0 0 0 A2 0 A2 ⊕ g2
g2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I1,n0)




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I0,n0)




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(II,n0)








(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I1,n0)




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 A2 A1 A1 ⊕A22
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(II,n0)
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I1,n0)
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0 0 0 0 A2 A1 A1 ⊕A22
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (II,n0) GS Tot:
(I0,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 0 A1 0 A1 ⊕A2
A2
(su(2)) (g2) (n0) (f4) (n0) (n0) GS Tot:
(n0)
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 B3 A2 ⊕B3
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 0 B3 B3 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 B3 A2 ⊕B3
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A3 A2 ⊕A3
A2
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(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 A3 A3 ⊕ C3
C3
0 0 0 0 0 A3 A3 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 A3 A2 ⊕A3
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A1 A1 ⊕A2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 g2 A2 ⊕ g2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I0,n0)




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I1,n0)




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 0 g2 A2 ⊕ g2
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 g2 C3 ⊕ g2
C3
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0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2




(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 0 g2 A2 ⊕ g2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 B3 A2 ⊕B3
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 0 B3 B3 ⊕ g2
g2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 B3 A2 ⊕B3
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A3 A2 ⊕A3
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 A3 A3 ⊕ C3
C3
0 0 0 0 0 A3 A3 ⊕ g2
g2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 A3 A2 ⊕A3
A2
525
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A1 A1 ⊕A2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 g2 A2 ⊕ g2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I0,n0)




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I1,n0)




(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 0 g2 A2 ⊕ g2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 0 g2 A2 ⊕ g2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 g2 C3 ⊕ g2
C3
0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2





(su(2)) (g2) (n0) (f4) (n0) (su(2)) GS Tot:
(n0)
0 0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 B3 B3 ⊕ g2
g2
0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A5 A2 ⊕A5
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 0 A5 A5 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 A5 A2 ⊕A5
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A4 A2 ⊕A4
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 A4 A2 ⊕A4
A2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)




0 0 0 0 0 C2 A2 ⊕ C2
A2
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(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)








0 0 0 0 0 C2 C2 ⊕ C3
C3
0 0 0 0 0 C2 C2 ⊕ g2
g2
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)




0 0 0 0 0 C2 A2 ⊕ C2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A5 A2 ⊕A5
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 0 A5 A5 ⊕ g2
g2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 A5 A2 ⊕A5
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 A4 A2 ⊕A4
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 A4 A2 ⊕A4
A2
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(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)




0 0 0 0 0 C2 A2 ⊕ C2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)




0 0 0 0 0 C2 A2 ⊕ C2
A2
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)








0 0 0 0 0 C2 C2 ⊕ C3
C3
0 0 0 0 0 C2 C2 ⊕ g2
g2
(su(2)) (g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 0 A5 A5 ⊕ g2
g2
2 2 3 1 5 1 2 GS Total:
1
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) GS Tot:
(I0,n0)
0 0 0 0 0 0 C2 ⊕ C3 A2 ⊕ C2 ⊕ C3
A2
0 0 0 0 0 0 C4 A2 ⊕ C4
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
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(I0,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(II,n0)
0 0 0 0 0 A2 0 A2 ⊕ C3
C3
0 0 0 0 0 A2 0 A2 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I0,n0) GS Tot:
(I1,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I0,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(II,n0)









ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (II,n0) GS Tot:
(I1,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 0 A2 A1 A1 ⊕A22
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
(II,n0)
0 0 0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I1,n0) GS Tot:
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(I1,n0)
0 0 0 0 0 A2 A1 A1 ⊕A22
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (II,n0) GS Tot:
(I0,n0)
0 0 0 0 0 A1 0 A1 ⊕A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I0,n0)
0 0 0 0 0 A1 0 A1 ⊕A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I1,n0) GS Tot:
(I1,n0)
0 0 0 0 0 A1 0 A1 ⊕A2
A2
(n0) (su(2)) (g2) (n0) (f4) (n0) (n0) GS Tot:
(n0)
0 0 0 0 0 A2 A1 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 A2 A1 A1 ⊕A2 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 B3 A2 ⊕B3
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 0 0 B3 B3 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (III,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 0 B3 A2 ⊕B3
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I0,n0)




ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 0 A3 A3 ⊕ C3
C3
0 0 0 0 0 0 A3 A3 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (I2,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A3 A2 ⊕A3
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 A1 A1 ⊕A2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 g2 A2 ⊕ g2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I0,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (I2,su(2)) GS Tot:
(I1,n0)





ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2
0 0 0 0 0 0 g2 A2 ⊕ g2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A22
A2




ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVns,su(2)) GS Tot:
(II,n0)
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 0 g2 C3 ⊕ g2
C3
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2




(n0) (su(2)) (g2) (n0) (f4) (n0) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 B3 B3 ⊕ C3
C3
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ C3
C3
0 0 0 0 0 0 B3 B3 ⊕ g2
g2
0 0 0 0 0 0 A1 ⊕A2 A1 ⊕A2 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I0,n0)
0 0 0 0 0 0 A5 A2 ⊕A5
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(II,n0)
0 0 0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 0 0 A5 A5 ⊕ g2
g2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A5 A2 ⊕A5
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I0,n0)




ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I1,n0) (Is3,su(3)) GS Tot:
(I1,n0)
0 0 0 0 0 0 A4 A2 ⊕A4
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I0,n0)




0 0 0 0 0 0 C2 A2 ⊕ C2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(I1,n0)




0 0 0 0 0 0 C2 A2 ⊕ C2
A2
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (I0,n0) (IVs,su(3)) GS Tot:
(II,n0)








0 0 0 0 0 0 C2 C2 ⊕ C3
C3
0 0 0 0 0 0 C2 C2 ⊕ g2
g2
(n0) (su(2)) (g2) (n0) (f4) (n0) (su(3)) GS Tot:
(n0)
0 0 0 0 0 0 A5 A5 ⊕ C3
C3
0 0 0 0 0 0 A5 A5 ⊕ g2
g2
2 3 1 5 1 3 2 GS Total:
1
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
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0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(III,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(IVns,su(2)) (I∗ns0 ,g2) (II,n0) (IV∗ns,f4) (II,n0) (I∗ns0 ,g2) (IVns,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
2 2 3 1 5 1 3 2 GS Total:
1
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV
∗ns,f4) (II,n0) (I∗ns0 ,g2) (III,su(2)) GS Tot:
(I0,n0)
0 0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(II,n0) (IV
ns,su(2)) (I∗ns0 ,g2) (II,n0) (IV




0 0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
(n0) (su(2)) (g2) (n0) (f4) (n0) (g2) (su(2)) GS Tot:
(n0)
0 0 0 0 0 0 0 0 D4
D4
0 0 0 0 0 0 0 0 A1 ⊕A3
A1 ⊕A3
D.3 Selected interior links
D.3.1 (a, a¯) = (1/3, 1/3)
1 5 1 GS Total:
(I0,n0) (IV
∗s,e6) (I0,n0)















A2 0 C3 A2 ⊕ C3
A2 0 g2 A2 ⊕ g2
(I0,n0) (IV
∗ns,f4) (I1,n0)





C3 0 C3 C
2
3
C3 0 g2 C3 ⊕ g2
g2 0 C3 C3 ⊕ g2





C3 0 A2 A2 ⊕ C3
g2 0 A2 A2 ⊕ g2
(I1,n0) (IV
∗ns,f4) (I1,n0)








C3 0 g2 C3 ⊕ g2
g2 0 C3 C3 ⊕ g2
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